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A*  <f(<Kt  of  eartace-free  behavior  oa  wort  porfomnnce  la  apace  baa 
been  love  etiiatod  to  detondaa  what  tochalgnee  should  be  developed  to  aid 
the  orbital  workers.  Kalla  they  pnrforaod  gross  motor  act  IV i  las  wider 
mlgbtleee  conditions,  eubjncte  reported  their  sensory  and  per.oraeoce 
experiences  dot-lag  Eaplerlaa  parabolas  la  a  C-131*  aircraft  la  both  lighted 
and  dark  cable  coadltiooa.  Tbalr  experiences  vara  categorised  lata 
Sanaa t Ion  Influences  upon  orientation  and  body  nc tic—  influences  agon  body 
attitude  Sid  position  control.  Celine  exsap  Us  of  short- to  i-u  weightless 
behaviors  ware  found  aad  their  causes  are  briefly  diacaeeed.  Potential 
application#  of  those  weightleee  responses  to  herebrere  devalcpcmst  end  to 
crew  training  aad  aalactlon  ara  discussed,  aad  elgalflcaat  areas  for  hitat# 
reeoerch  are  proposed. 
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Ik*  anorecnca  of  1*3  neared  no  Into  tha  weightless  eevlroaaaot  of 
spnco  requires,  an org  otSoar  things,  an  evaluation  of  Ills  ability  to  orient 
hlonoli  a ad  to  wort  vita  in  this  ual^tw  condition. 

Cora tJwraofi  1  (ref.  9)  atitai,  "flan  can  b«  w  doubt  that  Um  dlfferentl* 
at  Ion  between  ’sensation'  oo  the  on*  «1 At,  and  'psrfoTosnce'  on  tho  other 
•  Ida,  la  jm  artificial  ora  because  hath  factors  are  so  cl  a  only  linked  togecher 
and  inter r* l* toil  that  any  separation  can  wm  ii  a  notiitg  hypothesis  only. 

It  la  nainly  for  tha  sake  of  a  acaaaatic  classification  of  syaptosaa  that,  m 
confine  omraalvss  to  tha  treatment  of  the  'subjective*  or  personal  experiences 
of  weightlessness.  TSma,  psychological  sad  nomsttc  affects  of  vot^btleeaiwaa 
■ay  staia  froa  ttea  ansa  aeurca;  and  they  ray  affect  tha  i*sll-belog  of  th* 
individual  as  nil  as  hla  taoh  parforeaoco."  The  peasant  report  explores  tha 
porforeffince  of  wwi;./;cle«»  ssxn  and  disoisres  lea  of  the  factors  that  appear 
to  lnfjomsea  -  p<jf£osrwrjce  and  orientation.  rroblossj  ara  dlscuasod  In  terns* 
of  slmloticn,  crev  selection,  and  train! of,,  css.1  implications  for  tha  actual 
orbital  situation. 

Tha  Basalts  section  lists  sensation  and  petxorxsance  effects  noted  during 
an  Inflight  survey  and  are  only  briefly  discussed  In  sn  et  Script  to  acquaint 
the  reader  wit*-  these  runs  effects.  Several  of  tha  effects  are  currently  being 
investigate-!  as  separata,  individual  stadias,  and  tha  rather  cursory  treatment 
of  the  affects  «»  given  by  the  authors  Is  meant  only  to  provide  faal  1  t/ir  last  Ion 
with  the  effects  In  question.  The  major  Intent  of  this  section  Is  to  Identify 
problem  areas  pcrtltwrssl  to  the  weightless  orbital  operator. 
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lha  itii]tctln  cowmti  of  free -float tug  personnel  end  their  perfersnne* 
*s  obwmi  by  tfcu  took  scientists  nor®  recorded  during  and  after  a  aariaa  of 
weightless  manawnr*  is  a  C-13XS  aircraft  (r«f.  17).  *J-ue  subjects  and 
experienced  nfreo-fioar*r»“  nn  briefed  baler  a  each  trial  and  were  inter* 
▼tewed  during ,  between,  and  after  ain-jl*  end  double  parabolae.  Voice 
recordings  of  their  subjective  cewsssata  ware  aede  oo  a  eweyaet  tape  recorder 
carried  la  a  leg  pocket  of  their  flying  auiia.  | 

Theea  obeersatless  mr<  node  aawiar  wei^stleeaneae  la  a  lighted  sad 
darkened  cabin,  or  a  dark  cabin  a»~*uatod  with  atj  artificial  coca  ((11,  1). 
Weightlessness  aa  n^rimeed  by  a  free -float lag  subject  wet  characterised  by 
the  following  conditions:  1 


law  frltttei!  The  absence  of  cohesion  force  bet»ocn  adjacent  Mini 
(whether  raving  or  » tat lean ry  relative  to  mss  another). 

froo-Pody i  My  aa$aast  nmau  Utemtiae,  poaelbla  eatly  la  a 
surface-free  savtreesamet,  feral t  aebjaata  fea  stand  aa  or  orient  to  any  to 
surface. 

C-fraa  ttimptiitmt  The  fraodaa  fres»  the  effects  of  gravity  «*  the 
■eclwmjmcepg'rra  (yssonl,  tactile,  labyslsititae  eecess). 


i.i> 


%:  •;  ■ /: 
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A.  fobjeet  In  lighted  cabin. 

I.  Subject  la  dark  cabin,  with  seen  display. 

Figure  l.  Subject  and  Kbea  display  la  lighted  and  Barkoood  Cabin 
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j*mi  folicaiea  cceditions  vara  cc&a ldsrsd  as  peculiar  to  tba  aircraft 

MQtOTOT  S 

tepid  »  Troisti tic  a  s  A  g  transition  from  2  1/2  to  0  (or  vica  vsrsa) 
lasting  2-3  . tacatuis  (r®£.  17). 

fit  *  Irr^^"  tr 1  Stress:  Era  la f Isaac*  of  axtresss  aircraft  attitudes, 
sxcseslvc  g  ssJj  m:;nUm  coles  >criatloc.-j  duriaj  tbs  mratuvsr. 

ghart  Tte»  Iteration;  A  weightless  parted  of  a^reximtaly  14  seconds 
par  •suuuwr. 

Aircraft  tfetica;  Ew  affects  of  air  turbulence  sxtd  pilot-initiated 
contro r aovaataata  that  icvnrtsd  spurious  acts  lcrv.C  loos  to  the  subject  and 
hi*  atari  roosts  t. 

The  participant*  wars  dt-tfe-adcpted  in  tlto  aircraft  cabin  for  IS  miwit*<« 
bp  motto]  ejse-jaa  go??,  la*.  Aa  lllaaiatttd  a lae tro luminescent  penal  (referred 
to  as  the  aosnl  was  Ewittd  on  the  rsnr  bulkhead  s.cd  emitted  approsicsstalp 
0.003  ■iUllsa&sns evwnlp  across  tbs  face  of  ttso  displap  (fig.  2).  Tbs  loj 
1  lght  level  was  u*«d  to  alisdneta  reflections  ami  to  avoid  illumination  of 
th#  darkroom  Ulterior.  East  mxa  served  as  a  steal*  visual  stimulus,  and  its 
round  abapa  am  a  e‘:s*aa  to  r  tbs  tersswledjs  of  tbs  location  of  cabin 

surfacaa  for  ttm  subjects.  A  ilprnd  certain  isolated  tba  sxperlaeatal 
area  from  tfe*  forwsrsf  fncsJ.rc.it,  7"rs  erpvrlrs'.acsr,  who  »or.itor®d  tba  sxpati- 
nsac  from  tbs  •xpertsidital  area,  wars  sn  interphone  headset  to  cosssunlcato 
with  tbo  pilot. 


Figure  2.  RUcttsiitiiSasgsest  Psae!  -  fSjen  Map  la; 


Tho  eab)as£o  mra  laatrastod  to  parCas*  t&a  jswsa  Btts  eodritl os  listed 
In  ippeenii*  X»  tests  of  gro--iS  aeesr  bfcfvsFlor  »ss»  efaosaa  Co?  tbatr  ability  to 
bM  tba  ookjsst  fro*  o  oarfse*,  eevs  «  fcSj«te  betsesa  oerileoss,  eases 
coll is less  wits  swfacaa  cud  iafljssaoa  tbs  ay^dssss  («aili>s5-fleor)  frssaas  of 
refsreneo  Co?  tJte  rjfejoct*.  Has  fcasbs  wsra  pcacooSed  in  order  of  lessees tc$ 
cooploxlty;  l.a.,  raecseaiva  testa  swralrael  rssra  ytejKriass-yti^  cfitlyity  o&J 
tbo  stistdstlaj  of  aoss  toosgttMr»  Efcyla  tssSss  wxra  eaiswfcid  so  ttaat  tfeoy 
could  bo  yerforsssd  easily  is  tb*  <t&S  witSiia  t&s  brief  waigS&loso  period. 
Instraetloaa  to  eo?ij«sta  were  ots&&std&sad  to  otss&el  tiee  oe^jnsaoe  of  took 
preeotttetlui  oaf  to  Isbgso  eesylatica  of  ties  ectirlty. 

9m  11  eobjosts  la  efco  fine  £r©«?  wet*  neragpilocs  osf  a  iesrjja  psre«»t*@# 
of  tbelr  oeaesssto  dealt  with  gaagaror  ansifcst*  r&tfets  t&ea  te«3®3£8*  to  tba 
woljJitloco  eosdltica.  Is  oa  e.t.lsst  to  roSace  otts-aeisa  to  ttata  eortCltlcraa, 
tbo  oatSioro  draw  additional  otSsjseca  fess  tbo  pilot*  of  rrigbt-^attcrssoo  £?3. 

dffondla  XX  lo  o  rerbatia  trcsscsipt  of  a  Bsryagy  aotxossisat's  fllgkt  oa 
reoov&sd  la  tba  dartsossu  Kilo  treaswsrlyt  rowsulo  tbs  wssltb  of  iaforssafcloia 
tfcot  eoa  bo  obtained  fcesa  e«&jsats  as^saia&od  wit*  tSa  offsets  of  oslf- 
laitlated  oad  csearsally  Iz^osaf  forces  oa  body  pMfasassaoo.  It  tosrEfes® 
coayiocod  tbo  ootfesrs  t£*t  kbssj  jwwdwtioa  data  ©"old  bo  efctaiced  frs®  m 
olrer«go»typo  yofalotloo.  do  o  molt,  18  pilatt  (pstjs,  fcastet,  ad  lifter 
aircraft)  war*  eolostsd  o a  oobjesto.  later,  11  Atwy  deup  ooo  dimra  wsro 
eeleetod,  hacawse  of  rial*  «cj>ssrl«ss3e  la  tJ»  desk  snt  bowyssst  Kfdetwa&tr 
eovlroeaaac  tboi  boo  ofsea  losa  camwood  with  da  vsl&btleee  etafca. 
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A  lislw.tfoa  ol  f&a  obeesnseteeal  sssited  to  tk&&  Cke  pm eaa*  of  ebsar-rius 
as.y  it.;.tl£  lefloarasa  lisa  *s&J*a*  fetl'-g  esnfhtd  S)  „  Ba  theo^it  that  the 

act  at  ttfoordl.r:)  Isto  a  psrisstj  eAfcDfrj-Ksa&s  w»5see*WJ4  lay  t&a  sasgxHrfflnater, 
would  te&Xia  tJsa  po^stbliicy  o'/  subtle  influence*  talas  «s«x£»d  oa  the  subject's 
bekariax  tty  tha  hiEwl«<%a  tatet  ha  w&s  hairs  atsdiad. 

She  obessmttanal  ■stkssS  atftz a  ftmlitfa  aassstejiy  easaltSad  tasa  U  which 
It  la  difficult  to  £i*t  slg&l£&saeS  TolctitEwlaiyo.  fas  &S&18  of  byjsotJsssea 
(14.  WJ  la  at  feast  a  ecllartioa  at  bsaete*#  eS  esscst!  valatiMstdUfa  fcssad  cm 
■MjmfeKBStfsally  oostrollsri  efesarvetians i  fesasrot,  t/ils  la  t£sn  latMt  o£  this 
report  IX-.1  aotsy  eboarraeiesai  ststfeodsj  !»«.,  to  gezmxata  seen  pc  sail*  la  fruit' 
ful  hypo tteaaa . 

Motfwr  dlscjltcctt'&s.sfi  of  this  ts>cteia«i  la  that  t&a  leveatlsator  any 
collect  data  cm  irrelevant  oparatl-oira,  tauim  he  ton  Mt  tan  la  advance 
what  la  lK^soytitst.  The  authors,  bcosavrr,  did  act  wish  to  reduce  the  probe* 
hi  1  ley  of  the  eppaarsnee  of  wnSraeva  saassiieaa  by  itwCtirisj  the  testa  around 
previously  cwracCai  aotlcm  eg  that  factors  wore  Important.  la  order  to 
reduce  this  influence  the  tattsa  went  s'nse cured  ao  aa  to  nioteslly  Interfere 
with  the  subject's  fserdtast  cS  'lotiora  or  action.  Aa  the  teat  progreeMxl,  the 
authors  bees™  acre  celcctlva  with  Unit  selection  of  subjects  (see  IKlTttOm); 
Imam,  the  laatrwctlcoa  to  the  sv*J«cta  rrr.atosd  unchanged,  The  only  us«- 
teaa  data  ~>c  stwid  la  ttla  report  dealt  Isrc/sly  with  «nvtrc»R*setJil 
deacrlpticrsfs  ol  taRpsratwm,  vitatles,  noli®,  tv^vUtnce,  static  electricity, 
and  odora  frtw  the  podding  used  la  the  esperteoRtal  aras. 

The  lech  of  generality  of  fladiR3«  la  one  of  the  nost  serious  limitations 
of  the  ebeervKtlonal  technique.  The  authors  era  not  suggesting  that  subjects 
confined  In  tbs  rear  of  a  dark  airplane  ere  «nvi rwarcntally  v^ulwtlent  to 
per  sours  1  free-floating  In  spec*.  Ue  are  suggsatlftS,  bawmr,  the  proba¬ 
bility  of  high  correlations  fcefe.  oa  wcay  of  tiw  ssasory  and  physical  relation¬ 
ships  la  the  two  weightless  conditions. 

Originally,  the  authors  bed  inUnsiod  to  1  "tcord  the  frrqwmclss  of  each 
effect  within  each  trial  la  *a  sttnspt  to  relate  the  effect  to  the  specific 
task  he  in)  accomplished.  Unfortunately,  *pprc*is?9tely  671  of  the  data 
fathered  was  unusable  because  of  iniwtoqwato  rocordlmj  cqulpesnt  (noise 
interference),  record  In®  techniques  ( saiatelliglbl*  rcssrhs),  and  Inedwerl.ent 
a  polices  of  the  tepee  by  the  transcribing  scanty.  This  shortcoming  « 1  Initiated 
the  possibility  of  a  study  of  task-effact  relationships  and  any  attempt  to 
qualify  either  the  frequency  or  criticality  of  the  «.nr.w»T«f.ed  effects.  This 
situation  forced  the  matters  to  celectlwely  sssspla  tape  escerpts  for  Intel  11- 
gibllity,  and  arbitrarily  categorise  them  Into  Ilka  effects. 

In  addition  to  the  fr*e-f looting  activities  listed  la  Apjondl*  I,  the 
ns**  section  aleo  contains  selected  observations  of  subjects*  behavior 
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(faring  other  studio*.  Theca  ebsorrsticsa  mar «  iacluiad  b«uu««  of  tha  author*' 
foaling  that  thasm  wars  dsflaita  roistioasMpo  betvsoa  tbaoa  activities  and  tha 
slnpler  obm  listed  la  6$pts*6lx  I.  SikJi  efeaorvatica*  «ra  idsotifiad  by  tba  word 
“axtra"  la  pers®tha**a  (tun), 

Tha  unsatisfactory  swdio  recording  Mentioned  above  suggests  that  a  batter 
systeM  would  ba  das 1 rah la  la  fetars  research.  Such  a  system  was  developed  for 
tha  Air  7crco  by  tba  Soiwsngraph  Service  Corporation,  Tulsa,  Oklahoma  and  la 
described  la  Appessdlx  IV. 

>.  Sengatlcei*  and  Effects  -  Tha  following  reflect*  tha  aenscry  experiences 
sad  effect*  reported  by  eka  subject*,  aa  Interpreted  by  tha  au  :feor* : 

1.  txhllarntloM  Dwsrias  Seerfaca  Freedcm  -  Subject*  who  wa re  not  ermoyed 
by  tha  accalaratlo*  history  of  tba  snsm  (aaa  >  10,  yaga  29  )  almost 
lnwarlably  tailed  and  lascbad ,  appear ad  to  aajoy  their  g-freo  tearing  an d 
ra ported  symptom*  of  ts^herls  or  exhilaration.  Tbaso  aynptum  wara  sacra 
pronounced  la  tha  lighted  then  la  tha  darkened  rood. 

Implss:* 

(Astronaut)  "Exhilaration  la  tha  propar  word.”  Bond:  "Tha  tnphotla 
la  slatllar  to,  hot  not  Identical  with,  tha  auphorla  of  tha  fraa  awlnwr. 

Major  factors,  I  ballawa,  are  (1)  abruyt  and  cony  lata  environmental  alteration 
and  (2)  abrupt  modification  of  all  sensory  and  'posturograval '  clues. 

Increaaad  visual  array auhsacos  euphoria,  of  co.rs*.  1  an  reminded,  however, 
that  In  poorly  Motivated  and  naive  subjects,  panic  any  rvault  froa  this 
'threatening*  transposition. •*  Diver:  "This  [task  no.  *  -  light*  on]  la 
better  than  the  last  tie*  [task  no.  7  -  lights  offj,  I  can  feel  what  l'ai  doing. 

I 'a  Moving  around  now,  1  enjoy  It  Bore  whan  1  can  aea  what'a  happening." 

Diver:  "This  (taak  no.  S)  le  mots  enjoyable  the  '»ngth  of  the  run.  Much  aure 
so  than  when  It's  dark.  When  you're  oriented,  a  Mote  enjoyable  experience.” 

Discussion: 

Bond's  suggestion  of  panic  la  Ir  accord  with  Garathewohl 's  earlier 
prediction  (ref.  8)  that  "There  le  a  possibility  that  tba  Man's  response  to 
thia  ear la  si coat ion  Might  ba  one  of  befuddleaent  and  uneasiness.  If  not  actual 
terror";  however,  this  response  was  noted  only  with  tha  few  subjects  whess,  the 
authors  ba  1  leva ,  wars  fearful  of  Inflight  weightless-producing  maneuvers. 


*  Quotations  listed  after  tha  tsra  taggolca  are  either  excerpts  f roe  tape 
recordings ,  written  statements  on  got at  loons  ires  gathered  during  debriefing 
session,  or  statements  node  by  observers.  Moat  sources  are  identified,  such  aa 
(diver)  or  (pilot).  The  examples  are  Included  only  (or  tha  purpose  of  suggesting 
tha  acope  of  tha  affect.  Tha  authors  did  not  gttespt  to  Integrate  chase  excerpts 
because  they  represent  highly  aubjactlve  opinions  and  any  attempt  to  system¬ 
atically  explore  tha  effects  would  . s<pjlr»  Independent  rtudles  (several  such 
studlaa  are  currently  la  progress). 

**  personal  CorawalcatLeo,  Coracander  C.  Bond,  Officer  In  Charge,  B.  J.  Bsval 
Medical  Is  search  Laboratory,  Be w  London,  Conn,,  11  Jen  1*41 . 
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Ceratbeoohl  does  say  Later  (ref.  9)  that  the  "nental  sensation  of 
we lcktlsservicc  can  boat  he  dnocrliwl  as  erso  of  locredulousrvaas  or  even  slight 
mmemaaat."  Babsx  (raf.  IS)  hss  predicted  extreca  reactions:  "The  leek  of 
gravity  In  a  space  ship  will  bstijIsSen  the  sensitivity  of  the  gravity  tenses. 
Ike  gravity  tease  orgies  will  reset  vshcanastly  to  the  snail  cat  forces  acting 
ssi  the  fcedy.  If  he  acroly  stratchss  his  body  or  turns  hla  bead,  be  say  be 
everwkslcsd  by  the  sensation  Chat  he  la  being  lifted  end  J erfeud  bach  sad  forth 
or  Chat  ba  la  suddenly  splssniaa  asorasd.  A  tnn  lAIrer:  ess*’  fro*  the  shackles  of 
gravity  would  aset  pxchtbly  be  la  a  cosecant  atato  o!:  p>.y*io  logical  and 
psychological  teasjica."  Owr  ofeeozracio&s  failed  to  eunilra  such  dire 
prediction*. 

Vko  sodlsa  capability  for  6  dograsa  of  relatively  aaMadared  body 
wot  low  coaid  be  a  scssral  stteslua  e.-rr-rco,  &*  alasst  effortless  achievement 
(toe  ref.  6  £ os  force  n^alniMbi)  cf  u.  rta^sl  fec*y  location*  ftsd  attitudes 
and  the  cw&Saa  amzzmssa  Into  a  tral  "floor lass  essA  <sy-wcmle«a"  esviroassat 
(refs.  35,  33  «ad  34b,  Knowledge  of  Body  Position  In  Aircraft)  apparently 
pleases  subject*  tucoacornsd  with  itflij&e  fears. 

Application: 

C-froe  training  and  design  should  snot  1 Italy  ha  booed  upon  the 
advantages  of  placing  cm  la  a  potentially  exalting  sod  enjoyable  vnvlrociansnt. 
Workspace  layout  aod  •«  1  f -enoeuver Itsj  dtoslgr.-!  will  probably  sot  hew  to 
coewlder  tfca  pswlouoly  postulated  fear  evoking  aspects  of  tbs  walghtleaa 
ewviroesootc 

2,  Cirafort  of  Tac tastes*  fuppvrt  -  Subjects  found  tectaslaoo  "export" 
t*  be  eemSortcbl*. 

gamsples: 

(Diver)  Tellef  fro®  g."  "It's  like  floating  virhoat  ths  water" 
(fig.  3).  (Elver)  "It's  ilka  dressdeg."  "Actually  there  Is  salts  a  little 
bit  ef  dlfferseee  In  being  weightless  bare  and  bslng  rafohtlsss  in  water 
keesace  there  yon  con  actually  feel  y  r»«lf,  you  toss  you  can't  fosl  eny- 

rklsi  here." 

Discuss ion : 

This  perception  was  isoet  frequently  reported  when  subjects  perfornad 
Tksk  go.  I,  which  was  s  prone  static  position  without  Iteb  wranmu  (App,  I). 
The  eedAra  ellninatloa  of  body  weight  and  positive  supporting  reflexes  which 
"lacrosse  extensor  tone  In  order  to  nafes  tbs  body  rigid  against  gravitational 
pells"  (ref.  30)  traded  to  Induce  posture  characteristics  of  withdrew™  licks. 
The  force  that  n sat  he  exacted  by  the  calf  suec  1st  to  mints  In  ths  upright 
position  oa  earth  has  been  calculated  to  be  equal  to  about  ons-quartar  of  the 
body  weight  and  results  in  a  nstabolle  cost  of  14  per  cent  wore  calories  per 
dmte  than  9  lying  posture  (ref.  30). 

In  terns  of  mssculc- skeletal  rsqatreawtata ,  welghtleemvise  Is  a  laxy- 
wea'a  envlrowssnt.  Crave l Ire  (ref,  M)  notes  that  as  la  the  sero-gravtlry 
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Him  9.  Ccs&.rt 


■  tits,  "Claris  Is  •  casfcsd  Aactaiun  Is  t&a  anseeS  of  ■wealsr  effort 

lor  mt  activities  la  hypedyasssie  aovirsJHssCj. 

Tfcls  pUoMtra  of  contort  offset  id;  be  isflrkteesA  by  tfea  erceesive  f 
loud  IssrNitately  prvsriir-y  thfl  weightless  etc  69.  Jftslbar  etstffd  after  hi*  first 
X-15  pmrairala,  "Ora  owatcSowsly  appreciate*  the  oosssstio"  of  reotlra  sftsr  the 
(raster  plsyotcsl  effort  otslls  pa®?*  Is  cm,"* 

Al*  lies tlrms 

(1)  A  1  (  tectnal  M  violates  the  g-fre*  criterion  (Sec",  IT). 

(2)  The  weightless  elesyer  any  need  nothing  aero  thus  s  tothrr  to  restrain  him 
from  ir  If  ties.  <3)  Mbs'*  ibtfisj  pmcasro  esy  bo  Aetomimd  by  bla  era  3- 
A loons lone 1  toroo  sAjoeteent  sad  not  forcefully  Inf  losatceA  by  •  aster*?* 
configuration. 

3.  Sensation  of  Falling  *  Ureter  weight loa ear**,  umwaxtloss  of  Colling  aaA 
th#  aoeoelateA  nsnifostatico*  of  eypreborwileia,  fosr,  eras  pasts,  eight  ho 
oepecteA  (ref.  9).  Over  ©fesermt ics* ,  hjraw,  load  os  to  bolia-ws  that  no  th* 
staple  MSMttee  of  falling  is  rarely  eseperl eac«A,  snA  t&at  wmlghtleseats* 

Itself  Aoos  not  lnAaea  feet  snA  panic. 

Castries  i 

(Pilot)  "Thera  was  so  falling  eoeaetion  it  ell.  I  expectoA  to  fall 
bet  I  Alfa' t.  Sees  shea  I  hit  eosatMss,  I  AlAa't  foal  ss  Cfcetssb  I  was  falllat." 
(Mm)  “On  ear  first  (  before  cessing  out  of  the  eero,  X  AiA  barn  the  *acMatl na 

*  Official  lasts*  from  J.  A.  eslhsr,  StAJi  flight  “2-14-23,"  TUiowil  Aviation 
aaA  tpoco  AAtetsiatsstica,  3  April  IWl. 
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of  falling."  (rtysiologlst  )  "Hits  ewaantlaa  *e  la  wy  experience  to  a  eerteln 
extant  rmtitai  to  tbs  etwborlB.  Cash  if  ooe  b'.ts  as  object,  oaa  barely  ftcli 
It."  (Faycio logic C. J  "loo  eooalsag  of  halg’at  abm  tin  floor  la  term  of  fear 
la  loot." 

Siscos# ton: 

glace  da  subject  mod  tiaa  lUctu,  *oth  traverse  the  atoa  general 
parabolic  arc,  the  aobjoct  la  not  falling  la  respect  to  bis  tea-arista  freso*  of 
reference  *  the  nlrwaft.  Hr  found  a  fey  subjects  asr^orloseod  a  aeosatioQ  of 
fa  11  leg  only  <tericg  cfcn  trscaitloa  to  or  frea  dn  wolghttees  portico  of  the 
flight  trajectory.  Following  t&s  trssaltloe  to  0  g,  wisitwoT  aossaeioa  of 
falling  that  occurred  <terte$  this  tmsaiclca  seba Msa  (julcfcly.  If  the 
transition  to  0  g  la  csvi*  grafisally  by  flying  as  alrcrcft  o?~C  fraa  under  the 
subject  (rsth-rr  tfcra  transiting  rapidly  frraa  ♦  2  1/2  Co  0  g)t  tsmre  ap-ya.tr  to 
be  no  e«t*®«tieo9  of  falling  -  rather  a  transitory  scacatlon  of  being  buoyed »«p 
or  fleeting.  Sadden  dlsCwrfcasico  cf  the  aircraft  teaiwit,  induce  falling 

aeeaatlooa  through  the  resulting  rtesral,  toetusl.HklnisafcSjseie,  and  proprio¬ 
ceptive  cues.  Boring  Joseph  BslSsar'a  first  llfl.CCO  ft.  X-13  parabola,  ba 
Mentioned  that  "I  fooed  wyself  waiting  fur  thrust  cutoff.  After  that  there  was 
a  wild  wsMtlce  s teller  to  falling.  fhia  oaa  recognised  cad  forgotten  la  a 
very  abort  period  of  tins."** 

Application: 

Dwrtng  tfea  scr -,cce Icrn tloa  portions  of  space  flight,  -fin  eotronaut 
probably  will  aoC  •sperinoe*  sensation*  of  falling.  Th-arefcre,  bis  performwee 
will  probably  not  be  fay-aired  by  any  continuous  fear  of  falling,  end  no 
special  prccaaClocw  rased  be  tatara  la  aystaea  dcii;?r.  to  B»sv\aR»  the  possible 
ccesetpascces  of  faar  of  falling.  Since  the  its.  titua  to  sad  frea  weightless¬ 
ness  and  transitory  dleEurfeertcoa  of  tha  vehicle  nay  result  la  fleeting  but 
potentially  disturbing  sensations,  Including  that  of  falling,  placated 
exposure  to  each  experience  Is  rneosseended . 

4.  Or  Ion  tattoo  Effects  -  Tbs  rarer  four  sffecto  are  eoaceraed  with  the 
subject's  awercracss  of  bis  asm  body  position  and  notion.  Carar.V-whl  dafiasa 
tbla  aw*rc®asa  In  terns  of  or  ton  tat  ten,  "the  ability  of  the  Individual 

to  localise  kla  position  with  reference  to  the  thrss -d teens local  space  la 
understood  la  which  tbs  act  of  localisation  la  gut/isd  by  a  cmcplox  of  visual 
and  gravitational  cues." 

The  poetnlafsrd  contributions  of  visual,  vestibular,  srd  kinesthetic 
MW aa  to  orlactntlon  daring  weight lessees*  ars  fold  (ret .  20,  2A)  ate.' 
will  rentes  extsaelve  study.  Ho  attarapt  Is  weds  In  this  report  to  isolate 


*  Persons  1  Owawole-stlon,  Dr.  X.  Schaefer,  <2>isl  Physiologist,  >«w  tendon, 
Cosneectlcut,  12  Jsa  £1. 

Hslher,  J.  A.,  op.  clt. 
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Many  subject*  novad  thalr  limbs  rapidly  (Task  7,  8),  thereby 
oscillating  that?  castor  of  mas.  Coafitaioa  regarding  body  attitude  and 
position  apparently  increased  wfeso  these  subject-1  psrforaaed  the  tmabling  task 
with  lights  out,  IxcAsti  thjy  rdstahsoly  thought  thair  arm  and  lag  motions 
resulted  In  successful  body  rotations. 

Application: 

(1)  The  orbital  soTtar  will  probably  down  lop  ws  f  roe -body  lirf> 
position::  (relaxed  posture),  and  g-froo  controls  should  require  lass  of  an 
actuation  force,  Hiscle  decressa tt  should  be  established  for  tbs  operator  oxer 
long  weigh  decs  periods  and  reentry  periods. 

(2)  Overshooting  occurs  in  darkness,  but  knowledge  of  results  rapidly 
decreases  errors  (ref.  11). 

(I)  Uaiwarsaily  jointed  la-rera  (fig.  5)  wa%  fee  raw*  appropriate  to 
the  freK-floffitor,  Tks'.ts  say  raises  the  reqsirenant  for  hia  to  alien  hies* If 
to  m  slngle-asla  actuation  sysrteo  bet  could  1st pe&nsa  ccctrol  sotica  stBtidardi- 
satlon  prcblata. 


|-g  LEVER  0-g  LEVER 

(SIX&LE  AXIS)  (MULTIPLE  AXES-  S€0®) 

figure  J.  Examples  of  One  g  and  Zero  g  Controls 

b.  Knowledge  of  Body  Position  in  Aircraft:  flkwvrotsting  subjects  use 
their  body  pt-sture  ss  s  focus  for  orientation  rather  than  an  environments)  f reran 
of  rsferenca. 
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bavin: 

(Astronaut)  "Tha  first  tiss  I  have  ever  bean  to  coepletaly  and 
quickly  disoriented  •  with  lights  on,  orientation  Is  no  problem." 

(Hyslolotlst*)  "!  subscribe  fully  to  your  proposal  to  use  the  posture 
sense  orientation  as  a  basic  reference  plana  for  tie  worker  outside  the  space¬ 
ship  for  a  masher  of  reasons.  Visual  sense  contributes  Bore  to  Illusions  or 
to  the  conflict  asons  gravi  cm  clonal  and  visual  cues.  1  esmtlonsd  to  you  that 
1  personal ly  had  mo  problese  with  disorientation  after  the  first  run  and  had 
ao  sensations  related  to  air  sickness  and  1  contribute  this  to  the  fact  that  1 
was  the  first  subject.  1  waj  not  exposed,  as  Dr.  Aqcrdro,  to  the  visual- 
gravitational  sensory  conflicts  la  looking  out  of  the  window  of  the  airplane 
and  going  through  the  notions  prior  to  tha  actual  Cast.  X  would  beamed  a  guest 
that  you  would  find  a  ltuzr  percentage  of  disorientation  and  airslcteaso  In 
those  subjects  who  warn  the  first  to  eater  the  darkroom.  If  this  la  tbs  case, 
you  could  strengthen  your  arcuaent  for  the  posture  sense  as  a  basic  reference 
plane.1*  [Unfortunately,  a  record  of  tbs  seeptsnee  of  subject  testing  was  not 
uada  for  this  study.  Borsally  from  two  to  four  subjects  flaw  per  flight.] 

(Astronaut's  Plight  SeTseoa)  "On  one  run  I  was  having  an  erudite 
discussion  with  John  Ciena  (astronaut)  and  It  was  not  until  the  run  was  over 
and  we  were  In  the  pullup  that  X  realised  that,  la  relation  to  one  another,  I 
was  upside  down.  The  Important  thing  here  to  n  is  that  It  didn't  Rake  any 
difference!  There  was  never  any  realization  on  my  part  that  there  wes  any¬ 
thing  abnormal  with  our  being  fees  to  fece,  yet  with  chins  pointing  In  the 
opposite  directions.  Proa  thin,  at  least,  X  as»  convinced  that  astronauts 
will  sooa  acclineto  to  the  agravlc  stote.' 

(Diver)  "As  soon  as  ay  feet  were  placed  on  the  ceiling,  I  regained 
ay  orientation  with  the  celling  as  down.'*  "As  long  as  I  can  keep  my  eyes  on 
that  aoonglow,  I  can  keep  uy  relative  position  quite  vastly  -  I  '■an  tell 
whether  l'u  vertically  positioned  or  whether  1’u  horizontal  and  which  way  X 
mm  going  from  It." 

Discussion: 

king  antes  that  "All  of  the  sensory  receptors  of  the  body  concerned 
with  ne  In  to  nonce  of  posture,  except  for  the  eye,  are  stimulated  by  mrhanicel 
forces.  An  Important  aspect  of  visual  function  In  postural  orientation  end 
wear  performance  is  Its  adaptability.  Besponaa  modi  fleet  Ion  can  be  effected 
through  learning  and  reinforcement.  The  relative  importance  of  visual 
tnlonsstloo  In  determining  spatial  orientation  will  be  Increased  In  weightless¬ 
ness.  Por  postural  orientation,  the  rajor  deterainsrta  of  response  are 
learned  expectancies  about  the  relation  between  physical  environment  and 
sensory  input.  A  visual  field  providing  cues  which  permit  tha  Individual  to 
construct  a  reference  free*  should  be  provided  to  aid  spatial  orientation  in 
weightlessness."  fKrgarla  (ref.  25)  downgrades  this  requ lremrnt  for  a  vlau.il 
field  end  Indicates  that  Individuals  who  suddenly  have  their  Information  tot 
spatial  orientation  reduced  froa  three  sense  organs  to  arm,  at  first  lose 


*Dr.  X.  Schaefer,  op.  clt. 
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(hair  sense  of  or  ic.itet lea  brt  later  adapt  .\ad  regain  thin  orientation.  King 

(rof.  20)  Is  tar  pxenoitaa  that,  "alnra  cermet  roster-;!  >crceT»tlon  Is  sainAstory. 
confusion  can  baas  ie  allsvla te-T  oj  ev^-^nttieica  o£  unrultiiola  lnfcnvutic-  in 
favor  of  euea  tSaas  era  rot  smlificd  by  ueig&C J it oveas . •*  (Ssi  effiphaeia  is  by 
Slross  cad  CMKtass?}. 

*tnsgi»l<l  (rtsf.  33)  B»y  ha  ov-m-phs e Jjs irg  Cte  visual  iwrseB  and 

tha  tsctil*  acFi*  wlrra  ha  proposal  tSat  "ericntetlca  for  aov»- 
acsC  la  tfco  epsiccaJsip  sill  Steve  Co  bo  ccecrtyliteMS  optically,  vfcarests  on  the 
oortfc  1C  Is  does  optically,  eraviricopioirial  ly ,  with  tV  vastibnlsr  *«.ca  end 
pressure  sces«  of  rV  chla";  saad  GaratkCTrabl  (rsf,  10)  later  stated,  “It  Is 
tin  opinion  of  ossy  tew# tisa tors  tSsit  £ia»  force  of  gravity  oiosrta  the.  ®n0e 
foBstesswtai  Icfltmc*  spaa  oa  spatial  criestetica.  EOTawar,  there  ts  no 
mad  for  the  ergimlca  to  ©Stain  a  coaaetiKS  techie*!®*  of  tho  direction  asd 
ssiwt  of  gravity,  The  i-.inic  e&ad  is  for  a  Bsohffiaitn  that  adapts  cits  body 
autocratically  to  tholr  «£S>ct«,"  Ibis  wight  ba  dersa  by  essf.—s  oS  the  so-called 
postural  rtflcji  which  era  e5.ott.jis  to  o-  tvs  to  R-sSetsln  or  raster  a  t&ortial 
position  sod  pester*  ef  the  body. 

SIboos  (rof.  33)  has  proposed  Eha  >  oo te.ro  sees*  (foot-oown)  orientation 
sa  u  basic  reference  plana  lot  tea  i torture  outside  bis  spaceship.  Bond*  adds  a 
(mt-(omrd  aspect  to  this  concept;  i.a.,  rln  relation  to  blnctead-out, 
weightless,  disorientation  spina  la  water,  >  with  relation  to  up  and  down;  but 
in  all  cases  save  ana  oat  of  about  30  nans,  tbs  plans  of  reference  was  to  the 
frontal  aspect  of  the  body,  never  to  the  posterior  aspect.’* 

Bay  (rod.  31)  supports  tbs  <5ca l-ocrna  of  postural  cues  in  the 
perception  of  tin  Bffavi rational  vertical.  Eoroovcr,  pc; tern  1  factors  w-sra 
found  to  influence  eha  J».5'jr«nt  of  eh*  visual  vortical,  although  the  convene, 
tea  sodlf  lose  tea  of  tea  postural  mtlMi  by  visual  factors,  wi  woe 
desuwtstraied.  Jltoe,  in  firry  sitraclosi  In  tflilch  os  individual,  such  c#  a  pilot, 
la  subjected  to  this  typo  of  conflict,  reliance  tends  to  ba  placed  oo  postcrnl 
rather  than  /iai-nl  cue*  nod  Jlvetienteeioa  els leterprstetieis  cf  Uaetruaswits 
my  result.  The  body  of  avidcaea  ctroegly  attests  ptsttral  fact  os’®  ca 
being  the  prisMry  aaca  fop  tfee  parcsptica  of  ths  pastoral  vertical  «sd  as 
exerting  a  wry  strong  effort  its  tfe*  percept  lea  of  tbs  viatdl  vastietl, 

M.ch  boa  bien  written  of  studio*  seswernad  wit’.!  eha  differences 
bstwscn  field  and  body  (postural)  <r  lor.  ted  rrrfjjccta,  Gsfern  (rsf.  J)  baa 
sap bn sited  tb»  behavioral  eorjplesitijHj  of  extrsaa  holy  sst-l  espresso  field 
oriented  subjects  end  »;v  dlffarervas  la  tfcasa  diverts  grery*  In  cortical 
alertness  (DP),  aonjpeciflc  fluctustloes  (t’Jii) ,  Bw-point  sensory  thraaholds, 
peln  thresholds,  dleceafort,  adrenalins  levels,  pwlte-rate  vsrteblllcy, 


CowsteeJer  tend.  Ibid 
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projections  of  internal  preoxyfcs f  runstroal  parlors,  an&ie ty  ratings.  «bx!  eves 
pay  chopet  ha  log  leal  inpolses.  He  aoyfastn  that  those  perceptual  differences 
have  saoy  laportrat  gw>or«l  blopeycholoyieal  theoretical  ixpUcadicus,  m  nail 
aa  having  specific  Joplicsticna  tewsrd  respeneea  to  stressful  et^parireotal 
sltuaticeji  of  isportaecs  in  Air  Perea  operations.  Although  tbfcsw  is  a  large 
variance  in  individual  differences,  his  flsdiay*  are  consistent  with  Cciwo'e 
(ref  3)  that  actress  body  or  actress  field  oriented  subjects  ore  sscro  lihely 
to  show  pathology  or  a  peater  oasosptibllity  ia  re  act  lap  to  stressful 
situations.  This  suggests  that  a  "riddla"  or  doo- field  cr  eea-hedy  prevp 
would  suffer  least  «a  orbital  weitcers  cad  those  personality  variables  ri pftt 
sense  as  erew  selection  criteria.  Subjects  with  less  distinct  body  or  field 
perceptual  characteristics  nay  shew  lass  disorganisation  (i.e.,  mess  stable 
or  imitation)  ia  a  Ion  oeessry  input  eavironreot. 

Diefenbach'a  icsntlisa  (ref  S)  appears  realistic,  "Orientation  to 
space,  visual  and  postural,  la  tbs  rsttsaj  of  an  letegrotivo  fssctlcs  which 
involve*  nee  only  tbs  receptor  ergfsss  bet  setor  diseriBioctlvo  reapemeea  aa 
wall.  Considering  the  miJUOls  criactetlKel  lafnsstlos,  it  sty  be 
presuned  that  any  cues  *111  be  drastically  different  fits  ncreal  tspsrl«a«t. 
Vision  of  ssmoswiiaga  apart  frea  the  cscapit  sill  be  caique  ia  ess's 
experience,  end  bear  little  reX/rti ensMp  to  eay  errrrissital  berSyr.r^M. 
Proprioceptive  iafemetica  will  its  feasod  cm  body  mrbots  with  ness ,  but  so 
weight.  Vestibular  rtli-iU  ef  ws  eeilit&ic  swture  rill  be  licitad  to  theme 
produced  by  aerelsrotlen  forces  acid  tfeesa  eriuley  frea  fe«sS  onvaorata.  Ia 
total,  the  presses*  of  a  psreca  btlaj  c bis  to  os-Icat  to  bio  ttrrmssdlnps 
does  net  seen  favorable." 

Future  «rp*ria?ata  cthsld  e-piare  the  lit  erection  of  visual, 
proprioceptive,  sad  vwstlbulsr  e®ss  ea  both  erisfatetioa  «ad  neter  ecatrcl 
tevivr  verging  f  loads,  Re?S»  this  report  tad  Shoe*  >  report*  (ref  3*)  show 
that  "disorient  sties  da*  to  ecrrpjaa  acoslcrot ieoa  profited  by  tbs  parabola 
notions  bare  to  be  carefully  jtrfjed  for  irpilcetiens  with  regard  to  eouditlene 
of  tree  weiyhtbsctnsso." 

Application*! 

(1)  Sot*  statics  laytmt  could  be  desipssd  tewerd  a  postwu  orienta¬ 
tion  j  l.e. ,  the  operator  *3<i  set  the  whielo  or  the  epees  cw,W  he  the  fecal 
point  of  erlaet @t  I  oa . 

(3)  Displays  should  set  require  an  arbitrary  eperator-te-display 
alipuust  for  display  interpretation. 

(3)  A  e*hiel*-te-**»  freae  of  reference  right  be  based  ea  elements 
of  a  posture  orientation. 

(a)  A  crew  selection  criterion  eay  be  the  eliaJnetiea  of  these 
candidates  who  erhiblt  eatrere  bcey  or  field  crleotatiesi  characteristics  to 
a  one  f  eaviresssnt . 
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c.  Kao»l»d?p»  of  Rctsticai  Ss3ij«*cto  toaded  to  underoot iMt«  thslr  own 
rot  os  of  rotation  Is  th»  tat  coHiltlea.  or  pvffpcooful  tmbllnt 

•rnimn  did  not  appear  to  iaduee  oytaptcsn*  of  disslnesa  or  vertigo  although 
disorloatstioa  vdas  prevalent. 


buoplssi 


(Astronmat)  "X  bod  a*  «eso  Ejected  lock  of  dlssinoss,  as  I  a  prcn* 
to  dizslsoca."  "Wwo  *at  tcucMag  a  rarfoes ,  X  hcd  no  fooling  of  rotation." 
"Sons*  of  rotesiaa  la  titat  of  so  If- rot  at  lea,  rathor  tSwa>  aircraft  rotation." 
"Bi»ori«sitatI«a  wititewt  nswi/po."  "BlsoPloffltstica  with  <rxM  deration."  "Could 
maintain  erlootstioa  at  alow  rpn."  "X  tbcwsht  I  «s  spinning  1ms  that  X  did." 


Eiscnasion : 


Ttw  fact  tfest  as ary  stS>)octs  tstro  often  srrsrLted  to  find  tfe*»»»lT»s 
In  unanticipated  pcnltless*  at  floor  cratcct  rory  men  that  a  perceptual  dncrv.rant 
v  KmJorastlactlou)  of  teewladgo  of  ret  erica  coy  nai.at  la  tfco  welgbtltisa  at  at* 
in  iartaiwa.  Tft*  »«ir  In  «41cS>  tiia  pirw.ptitsj  U  obtained  i»  talwew  Craf 
21),  hownrar*  dii'fcsr-  .rs  tbrasltolda  to  aagslor  eceolnrotl*®*  may  bo  daf«r«iiva<J 
at  a  latar  Asta  fer  c;bjnct»  accelerating  la  a  rotating  chair  ia  the  aircraft. 

A  latar  eenpariaea  betsres*  X  aad  0  g  thrasholda  soy  aid  re*e«rdh«r»  in 
daflnlng  the  contribution  of  tbs  greolrecopto c  pertinent  to  this  perception. 
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Vertigo  (rlivil,  jrtvlUl  Mnesrj  conflicts)  sensations  nay  be  tort 
difficult  to  induct  because  of  the  fewer  conflicting  inputs  from  the  grsvi- 
reccptors.  Physiological  tumbling  tolerances  aay  be  higher  btesust  nf 
decreased  csrilsc  activity.  SmU  owmsrta  of  «w>  ject  rotation  cm  cease 
loot  of  visual  contact  with  tarpat  tad  result  la  disesitattticn. 

ifpllcstlnM: 

(1)  Indies*  of  pitas  sad  direction  of  spin  srs  probable  minimum 
information  rt^lmmu  tor  twablc  recovery  and  attitude  control  designs. 

(2)  let* tins  thresholds  tad  tolsrsacss  should  b*  established  for 
weight 1st sacs*. 

d.  bwltdt*  of  t«fa<t  lecstlcst  Knowledge  ef  surface  location  was 
poor  and  hnowledga  of  body-to-eurfaee  sllgraremt  was  almost  now*»dst*»t  with 
sorfaca-frsa  baharlor  under  ecmidnrh  and  dark  conditions.  Surface  behavior 
tended  to  is  leaf f Iciest,  but  increasing  body-surface  contact  area  helped  with 
body -to- sir  fees  all  gr  stent  tasks. 


(Physiologist**)  "1  seeded  only  a  fingertip  to  keep  track  of  things." 
‘Macs  I  had  determined  the  sits  of  ny  ettviroamsnt  with  cectusl  cc-io ,  1  became 
disinterested  la  the  aircraft  position  rslttlvs  to  tha  earth  and  f-cu  thers 
on  I  felt  completely  sec ere."  (Diver)  "It  was  Ilka  a  button  search  plan 
used  for  recovering  objects  la  water  with  no  visibility."  (Diver)  "Tou  can 
fast  enough  to  right  yourself  ones  you  get  started." 

HkwiIssi 

A  single,  tactual  contact  offered  surface  location  information  but 
poor  attitude  information,  since  the  subjects  had  a  number  of  potential  bedy- 
to- surface  eligrusente. 

•oth  eubjects  end  observers  were  often  confused  as  to  whether  a 
given  cotton  wee  dwe  to  their  notion  or  aircraft  surface  njtioo.  A  free- 
floating  ness  (pillows  were  used  to  avoid  injury)  was  introduced  for  detecting 
differences  between  aircraft  end  subject  notion. 

Inability  to  prepare  for  surface  contact  because  of  poor  surface 
information  produced  greeter  apprehension  and  accidents  in  tbs  Hark  rtrriron- 
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Ar^llatlflu: 

(1)  Wmx&stacy  tacfasigt.-oo  for  rafef»-aina  to  a  surface  la  dark  condition* 

■knU  U  devuteyod  ftad  practiced. 

(2)  Crow  Station*  da* la*  srfojlit  asspSaaiao  total  tcrfu*  ansa  avail- 
ability  and  deasyfesatsa  a  s  teg  la  Ijtaf  Jicieae  floor  weaft  (j<y?.  *S,  21) 
bacsesa  of  tJsa  kwtefta&'Hrcshfasa  ktf&srrfor  of  tSa  fjss-flestssr.  The  wetter’* 
Ntttlas4l  Basics  essaM  ttei'srihw  a  •jdxss'*  e?  activity  with  the  warbsyaco 
araa  reyrrascatwl  by  aa  ester  ej*sws, 

3.  Concern  <rv«r  Colll*lon-Stff  icrilty  la  f&eerMcg  Inertia  -  Concern  with 
pataatlal  body  Injury  duvirg  a  surface  col lialoa  v»s  a  dssdaaat  approhaaalwo. 

Hu  onenasrarass*  of  approaching  a  owrfAcu  (•*., tH  condition)  asd  tha  liability  to 
aalf  •rotata  and  prepare  for  a  landing  (-dark  as d  light  cotillon)  wera  reported 

a*  aajor  fears. 


(As  trusts*  t- one  Apy.  11)  "I  have  to  resllaa  tint  akntmr  I  an,  or 
abac  position  I  aoa  la.  It  la  cotcfortahla  to  aa  end  mot  baneful,  ««m  though 
ayelde  doss."  *lh»  big  factor  with  os  was  tbo  fear  of  Injury  -ayoa  completion 
af  tfco  asaniwr.11  "Tour  nlsd  la  continually  trying  to  think,  trail,  which  way 
an  !  going  ana  when  am  1  going  to  hit  on  whet  part  of  try  body."  (Diver)  "1 
feel  batter  If  1  tnve  both  hoods  free."  "Actually,  poor  foot  and  haosit  anen’t 
too  much  holy,  {Than  jrou'ro  In  tha  dart,  you  can’t  sow  where  to  pv*  tVo*." 
(Diver)  “Started  to  lead  wise*  1  bed  say  foot  against  acme  thing  so  It  isriia  It 
■neb  asslar." 

Discussion  : 

Inexperienced  soaring  subjects  often  rotate  uncontrollably  during 
trano  1st  Ions .  Dubjactt  minwlisjljf  push  off  froa  a  (lvn  surfut  with  a  thrust 
•lea 11 goad  froa  thalr  center  of  a ass  and  spin  while  soaring,  thereby  losing 
rl steal  contact  with  their  destination.  Aa  a  resale,  they  often  collide  with 
owrfoca*  In  awhwird  positions  and  cannot  properly  absorb  shock*  (see  fig.  10). 
Early  exhilaration  appears  to  presses  ovsrcoof Idance,  end  subject*  could  easily 
be  injured  wars  it  not  for  the  padding  within  the  area, 

Dnauecessfal  flail  Lag  responses  are  usually  noted  when  the  subject 
become  aware  that  he  la  rapidly  closing  with  «a  object,  la  the  dark  cobin, 
many  subjects  continuously  protected  their  faces  with  upheld  anas  la  efforts  to 
fend  off  collisions  with  un’cfuwn  objects,  (S  cord  Ing  La  the  dark  was  difficult  • 
several  subjects  had  hard  falls  during  the  excessive  g  period,  because  of  their 
laeblllty  to  align  and  hold  thetseolves  perpendicular  to  the  float.) 

Techniques  for  proper) y  dissipating  ervwfltuai  should  Include  the 
following  considerations: 

(1)  Telocity  at  accent  of  tepact  -  self -propulsion  units  should  be  In 
low  thrust  class  {rsf,  J4 J ;  long  tatnor "Tin**  should  not  snap  the  worker  when 
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ri|iri  6  .  Inadvertent  Scaring  Collision 


the  line  kHiMa  taut  (the  ftopar  iwplnt  characteristics  of  a  tathar  era  bains 
deternineJ ) (free  aoarlns  should  ba  bald  to  10  ■pb  or  lata. 

(2)  Impact  of  landing  la  directly  proportional  to  tha  easa  of  tho 
body  -  It  la  baat  to  dlsctrd  bl&h-nsass  objacta  before  Inpact;  It  is  extremely 
.Langerous  to  ba  caught  batman  two  cellldlr.g  nesses, 

(3)  The  aatnant  of  body  surface  eras  through  which  tha  lrpect  la 
absorbed  -  tha  standard  broak-falls  o l  Judo  represent  efiactlva  usthods  for 
spreading  tha  impact  over  large  ara  and  body  ar:-«. 

(4)  Tha  distance  through  which  dece larat Ion  t.*V»s  place  -  the  area 
and  laga  should  Ive  used  as  shock  absorbers;  lika  tha  standard  stance  of  tha 
parachutist,  tha  1  Labs  should  ba  nearly  but  not  Suite  extended  at  the  ssoment  of 
Uspact.  Lihbs  locked  at  tha  Joints  nay  causa  hlgh-g  low-tins  shocks  to  tha 
torso. 


(5)  Tha  oa  rt  of  the  anatony  subjected  to  lwpact  -  dncrsge  to  the  head 
and  vertical  and  whip- lash  extension*  and  compressions  on  the  spinal  coluan 
must  ba  avoided  by  de  re  lop  log  proper  restraint  and  tether  designs. 

(4)  Properties  of  the  surfaca  on  which  tire  body  lands  -  extensive 
padding  will  ba  necessary.  Tha  deforaability  and  compressibility  of  tha  landing 
surfaca  will  aaka  an  morseoua  difference  In  tha  seriousness  of  impacts. 

Applications : 

(1)  Coil Is  ton  anxiety  c*n  ba  reduced  by  extensively  podding  all 
surfaces,  by  providing  safety  guards  ever  slowing  equipment,  and  by  having  the 
subjects  veer  protective  gear  (helswts,  suits). 


,■  •  ;,'Vr  ’.-.J-' \  V,.  • 
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(2)  Owereoatsol,  CM  aala  u%(  of  Inadvertent  collision*,  can  be 
sharply  red-jecd  with  sheet  trailing  flighta. 

(3)  gnavKind  self -stab  l  Ilia  tie*  nay  be  a  ndnlaua  reqoireeont  for 
aceooyllafiiia  frit*  l  txBssfors  la  order  for  cha  wrisar  to  aaiataln  a  proper 
visual  rtlana  i  tad  to  claee  feet  first  with  tha  target  surface  (ref.  36). 

6.  Illusons  •  fie  coop  lea  acceleration  pattara  of  tfea  aircraft  maauver 
sons  tins*  1»&»  «*5  real  and  apparent  ra>tloiss  of  t ha  aoca  md  rotations  of  ths 
earlronsant  hot'  t&nao  Illusions  tassted  to  dacr®cse  with  contt&ttcd  exposure. 


laoplMi 

(J»lv*r)  Ta  floe  tins  m  the  celling,  I  can  oca  the  aooa,  I  feel 
exactly  as  If  I  tea  stcndlng  om  ay  hastes."  (riser)  "I  bad  the  sensation  of 
being  oa  vj  beck,  going  sCraigSit  n»,  w>*n  X  v-»  walklnj  tera  the  cabin." 
(Pilot)  "X  oa  aecnrlloa  nad  the  trace*  le  covir.j  up."  (datrenaut)  "The  noon 
■ovod  la  a  Jerky  ootloii,  I  tiilsh  because  of  tba  tortwlence  of  the  aircraft." 
(Steer)  "Ifee  twa  pones  during  the  2  1/2  g."  "X  see  walking  toward  the  noon 
aad  bad  the  foaling  that  X  taaa  walking  la  a  vertical  plena,  actually  straight 
»P.“ 


r- 


Ciscos* Inn: 

Cross  eratlnn  activity  by  the  subjects  during  the  weightless  interval 
la  th®  dark  offtrsa  i> rswa/iod  disorientate  and  surface-re vureals.  Often  these 
notions  were  Intcrj-B’aitnd  sa  confusions  o\cr  eir.'feco  location  (surfaca-reuersali), 
for  example,  "l*a  ms  r.-w  rfcatfcer  I'a  ea  tfco  fleer  or  the  ceiling."  Those 
ssstioa  Induced  illusions  were  noted  by  ct.ry  subjects  sad  were  frequently  noted 
by  spinning  subjects  who  experienced  a  rapidly  .c-nring  visual  field,  (chock 
(ref.  36)  notes  that,  "Etrlcle  etluuLation  during  the  (  transition  periods  of 
the  parabola  often  Indies  illusory  notions  of  the  target.  Illusions  incurred 
during  aerial  flight  have  been  reported  since  the  beginning  of  eviction.  In 
the  dark,  chores  of  the  apparent  position  of  a  fired  target  result  when 
subjects  are  exposed  to  linear  and  redial  acceleration  while  flying  a  ballistic 
trajectory."  Csmthaohl  (ref.  7)  also  focsi  site  haressaed  subject*  that 
during  the  weightless  portion  of  the  trajectory  the  target  appeared  to 
stabilise,  tbera  to  oscillate  up  end  dewa  as  the  subject  (by  virtu*  of  aircraft 
notions)  soda  excttrsleua  Into  negative  g  aad  positive  eubgravity  states. 

Crept) iel  (ref.  12)  found  a  direct  relationship  bttrosa  tbs  acceleration  acting 
upon  the  tncesn  body  end  the  apparent  die  pine  arrant  of  the  visual  target. 


Frequent  turbulent  oscillations  of  the  aircraft  also  caused  weny  real 
aad  apparent  sot tone  of  tbs  enviroenest  about  the  subject. 

Applications! 

0)  C  trznoltlon  period*  and  activity  under  welghtlaasnees  nay  Induce 
apparent  target  cotlene:  the  rets*  of  onset  of  these  Illusions  n*y  deteralr* 
deelred  rotation  rate*. 
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<2)  expos are  la  alrc raft  facilities,  which  any  reduce  II  lax  Ion 

propensity,  should  tx  included  la  train  teg  presrasBa. 

(])  Illusion  rusts  tone  a  night  com  an  a  cm  selection  ifW. 

(4)  ielf-«HBS8ww®rlisg  unite  should  have  lea  threat  levala  4n  to  cosplex 
llae-of-sight  wad  teslcrstlca  pro&tasogUs  nqalratcta  ecepled  with  tills 
potentially  haaorde us  affect. 

(5)  dsKokiassla  (appstreat  tarrat  notice  rrliftoct  ac&jaet  redoes)  niebt 
be  Investigated  with  welghtissa  subjects  eeepeeded  with  ala  dollars  o f  fxvc&oa 
ot  axloa. 

7.  Sanaa  ef  JEero,  Fraetleesl  and  Rwrasivo  c'a  •  Cseijaete  afftsa  cestesniad 
on  thalr  Useethotic  wad  tactaal  rearaosea  to  efesaslssj  g  tsscia.  lia  fcnsj- sassy 
of  these  w— «»  increased  with  ss&fnete  sis  wan  waXii-^j  merSsen  eaataata  and 

performing  la  Cha  dark  (aa  visual  Uttracttaa). 

■Maples : 

Oka -pi  lot  (object  la  dark  trial)  T«  at  ,5  %  warn,  £atl  a  slight 
rising  of  tbs  g's  ora  Increasing  ROW,  It  stars*!  so  S/3,0  of  a  g." 

0km -pi  Inc  subject  la  deyfe  trial)  "Still  foal  bodily  ixrasatica  In  the  aaat  of 
ay  prats  sod  boe»L...bse«54iig  lighter  all  tfes  tte»...vr?.ry  Ugjit,  fro  la  ll!w  X’a 
o«  0  g."  (Astrctacst)  TmUag  ef  wnigHlsssrass  apswcsehlRg  la  rats  apparent 
when  saatsd  t&sa  «&®»  eteRfing,  ae  .1  g,  this  la  all  jros  cm4  for  loMKOtlea.” 
(Chief,  B3A734K)  "X  bed  the  foaling  taera  was  ac  upward  fores  ess  ey  asms." 

HlCWIlMt 

Tbs  anaaatloa  sf  lacteal  release  following  a  swrfass  contact  was 
constantly  reported.  Msg  (ref.  JO)  postulates  tkai  *3?ra,f  total  senna  of 
touch  tnprt  la  detarwlaed  by  tSsa  a tec&s&z  of  atlmell  received  ar.d  tfei  adaptation 
characteristic  sf  th*  stlraslated  receptor.  Xt  say  b*  atUilpsM  efest  there 
will  ba  a  redaction  la  tfcs  total  setnory  impulses  frea  tteeeo  receptors."  Tbs 
total  Input  and  rate  of  tactual  decay  sight  bs  soaswrad  la  a  feteca  stssdy  by 
cosgnrlng  tow -point  thresholds  osier  0  wad  1  g  condltioas.  Tha  felrwssstisstic 
raspoRso  to  fractional  g  laeda  (butmssa  ♦!  end  0  g)  la  twrreatly  hsleg  esplorad 
la  tbs  aircraft  with  tfca  ess  ef  a  decay  wnaesvwr.  fta  g  level  can  ba  gradually 
dlaialabsd  frets  .3  to  0  g  ew  a  39-eecead  tins  period  at  tits  rate  ef  -,017g/e*c. 
This  capability  offers  isa  nr*  >  treater  th*  potential  it  Identifying  tbs 
particular  g  level  associated  with  a  behavioral  response. 

bUr  (ref.  14)  points  emt,  *Tho  fraction  of  the  gravity  eases  bsccsist 
particularly  critical  In  tbs  prealcity  of  g  w  0.  4s  can  ba  road  frea  the 
curve  03sfeer-ynehe*r  Law,  sblclt  aaistalas  that  tbs  Intensity  ef  efea  sensation 
Is  proportional  to  tfen  lofjasfltha  at  the  temspeadins  stls»l«s)  strong 
sensations  are  erased  ny  slrats  changes  af  aceolerailcc,  if  km  Is  subjected 
to  states  of  gravity  cions  to  sars.  Tat  accelerations  of  critics  1  eraunts 
an  already  produced  by  velsetary  end  noavoluntery  no  reseats  aeccj^snoled  by 
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correspondingly  strong  sensations  ct  acceleration  at  g  ■  0.  At  g  -  l,  such 
■■all  additional  accelerations  are  below  the  threshold  according  to  the  Weber* 
F  seiner  ten."  Inf  two  (ref.  24>)  discusses  the  unique  opportunity  that  a  reduced 
gravity  aarvlronasnt  will  offer  to  study  those  lover  rctgu  of  sencory 


la  her  (ref.  13)  correctly  asrvmas  that  “during  body  novssant*  the  forces 
of  Inertia  will  lend  weight  to  the  body  In  proportion  to  the  acceleration 
applied."  In  ot&sr  words,  weightless  subjects  nay  perceive  llrf»  accelerations 
as  increased  weight  sensations. 

Applications : 

(1)  Da fin It ten  and  devaloynont  of  g  coos  nay  aid  workers  In  aligning 
naterlals  wisare  crsll  accelerations  of  oasa  and  aaa  say  be  Important  factors. 

(2)  crow  selection  aed  various  Induced  g  criteria  say  be  developed 
for  orbital  workers  «ad  rotating  crew  stations  design  by  establishing  the  exact 
g  load  that  caused  eexa  of  tha  affects  discussed  In  the  report.  For  tunpl., 
the  start  of  reentry  of  the  first  Mercury  l light  was  tha  transition  from  0  to 
.03  g  (ref,  A).  In  aoergeacy  conditions,  nan  assy  be  called  upon  to  sense  this 
reentry  node. 

I,  Sense  o£  Ksovtrafs#  after  Maneuver  -  The  scnsctlon  of  having  koto  than 
1-g  body  weight  appears  to  ba  aost  pronounced  when  subjects  walk  inrasdistely 
after  the  excessive  g  port  tea  of  tin  parabola.  This  sonoatlon  was  reported  to 
exist  for  hours  after  a  flight  of  20-30  successive  rvwcuvors. 

Camples: 

(Author)  "1  perceived  nyself  as  being  ; wavier  than  normal  In  the  1  g 
condition  after  the  run,  however,  the  2  1/2  g  recovery  undoubtedly  Influenced 
Chla  perception."  (bluer)  “Caspar able  to  henry  sensation  after  ceasing  out  of 
water  after  several  hours  of  lesarsicn."  (Diver)  “5*<arl»8ae  seemed  to  be 
Much  greater,  two  time  as  much,  after  weightlessness  than  before  It."  (Pilot) 
"When  I  drove  wy  car  hone  after  the  flight,  1  felt  different  end  the  steering 
wheel  felt  lighter." 

Discuss  loc  t 

The  giddy  feeling  of  free-soaring  Is  suddenly  replaced  with  a 
captive  sensation  of  Increased  heav'eess.  Any  psychayhyslologlcsl  ■ensure  of 
this  effect,  botravnr,  would  hero  to  carefully  consider  the  subject  setup le ; 
l.e.,  (Bsvy  psychologist  subject)  "Any  significant  short  tern  effects, 
axparlstsntally,  can  be  found  only  la  persons  who  are  highly  tolerant  of  g 
stress.  Without  such  tolersnce,  the  g  effects  probably  persist  throughout  the 
short  weightless  period  tad  mask  tha  effects  of  weightlessness,  if  there  .ire 

- M 

■*y» 

Applications : 

(1)  Crsval tree's  (ref.  13)  concern  with  the  reentry  phase,  *Dperntor 
performance  and  bvwtn  tolerances  will  probably  vary  during  reentry  Into  g 
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i  la Ida .  Tto  bi(er  tto  reestry  reto,  tto  as ra  prwacnsatctd  will  to  tfcs 
behavioral  cfcss'jM"  *0333*68  cpatial  ro^aiKKisssa  for  eto  cptsaSot.  Por 
tm^ls,  *  toaic  payefcssEto*  teak  etrsr^i ;:air-3  r>  “,.Ul«  coasral  tttj  licrolva  tto 
operator's  asrr;zzat  ot  *  eoatrel,  wfcil*  rcisrsiij  to  a  oaring  display  •lcasot. 
Tto  ratio  of  ttoto  tea  *©>,s3®aat*  to  cjIIoJ  tto  oc-tr.lro 1  /*]  I  u  j  l«  y  ratio.  Besa»®« 
of  Cto  previously  asatioasd  totoviorsl  efcansgiyi  cJZcctt£%  eaecral  mtSlaaa,  a 
variable,  g  oeaBad  effisfiysl/siiepioy  ratio  systca  tilths  cesspa—stto  for  psycto- 
actor  odjuCzraai  dearies  tfeo  rsaairy  period. 

(3)  hrMlt  Kti««  work  k!M1m  iawlrla;  pstg  —tor  activity 
aay  tolp  to  olleeisto  tto  pceE-£li££e  odjmtentst  grahl’&u 

(3)  A  peeaiMs  cm  csUctlc*  erlterlsa  may  to  tba  ability  to 
to  lota  to  tscMtin  s  loeda  toiletries  vmlgttlo&m  parioda.  As  KrSarajlo  (raf.  23) 
no  tod,  purposeful  activity  «&ici  also  las  idea  etus&ettxtia^  gsnvity  e&St s  to 
tto  oauaccMocaiffir  "toto^asf  IdiviSssal  roepo—o  to  tibia  "da&e"  of  tor  rsajtry 
■ay  *  If  lav  bet— ra  1— ivtoaato  tSarsajsSi  vtoa  —0300. 

9.  Aacrafs*  of  Cletiilag  fxessRwws  -  Tto  fine  #T*j®atiee  indication*  of 
fractional  g  tot  a—y  aO  just*  caa  tkalr  tsctoal  nsyesac  to  •  daszeese 1  of 
clocking  presseroo.  Ioc.»a  clothiers  lost  it*  "4a—  tosg"  **d  tosfei  to  oorfiswro 
ltoalf  os  dictated  by  tto  lost  lteb  aotlea. 

bo— lot 

QSaa-pilet  oo&jost)  "1  fool  asy  clethi ag  presents  d<tsT«a*i»$."  £8ea- 
pilot  aOJact)  Ty  leg  hairs  von  tickled  ky  tty  post*." 

HacsMitai 

IbTiM  of  ob&J-*«C*  — erics  loose  clothing  (CaSra)  reveal  tfeax  opcvtnl 
toad*  to  ooclllato  cot  of  pferuta,  or  Isa  toiled  1 1*  tsaljolstSsa*  (n*  fig.  11). 


Pljvre  7  .  Osc-ef-Phaea  Clotfclsg  tto '.too 
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IffllaUow: 

(1)  Crcare  sot  retiring  pressor U wo  apparel  should  probably  water 
fore.  fitting,  easily  i lec:c4  clothing  with  elastic  cuffs  on  li&b  extremities. 
Cloth  tea  designs  should  allow  J-f™  lialt  activity  end  cot  b«  based  on  att 
earth  bound  "brag"  rtotlf. 

<2>  Tha  raspcrvsa  to  decrease  la  clothing  pressure  eight  servo  as  a 
tactlla  east  airs  lor  g  perception,  especially  during  tfca  4,1  to  0  g  transition 
period. 

(3)  Pockets  should  fasten  securely  so  that  their  contents  will  not 
inadvertently  be  released. 

10.  Nausea  and  faction  Sictetaaa  -  The  majority  of  calve  subjects  shewed 
various  sya$>t ossa  of  notion  sloteos*.  This  affect  *sy  fcau*  keen  stteobstod  by 
physiological  responses  te  eseesalva  g  and  tha  rapid  g  transition  periods, 
apprehension  over  inflight  hazards,  conflicts  between  visual  esed  gra vital 
Inputs,  and  rapid  Introduction  to  aa  unusual  snvircssront  la  which  the  subjecta 
haw  bad  no  experience. 

Couples: 

(Exrerpts  froa  noe-ptlota’  trs«serlptlon.  Plight  was  aborted  due  to 
subject's  Intense  ssalalso)  "Bare  wo  go...  ebay,  I'ss  1 1th toning  up  ...  feel 
ay  heed,  ay  stomach,  icy  Uo«d»  are  all  okay  It's  kind  of  so  m-T.lwr  but  I'b 
tightening  up  efusy  ...  goe  a  little  bic  of  a  bsadaeho  ...  starting  to  get 
wan*  ...  starting  to  gat  warm  ...  I  felt  llfcti  I  thought  everything  wan  going 
to  com  out  ey  hack  because  I'b  laying  era  esy  stoaach  ...  I'b  a  little  bit 
dlssy  right  ami  a  little  bit  dlssy  I  fool  nysalf  tfsrtbg  to  pull  away  frees 
the  floor  ...  ooh,  I  foe l  ay  throat  oh.  It  iv.'lx  light  ...  Just  aver  so  light  .. 
still  feel  light  around  the  throat  ...  just  looeon  aj  collar  a  little  bit  ... 
pretty  warn  ...  I  feel  prickly  ...  oh,  fait  a  little  bit  gassy  in  ay  stomach 
that  time  ...  starting  to  ewaat  ...  feel  like  coughing  <?uita  a  bit  ...  iry  arum 
are,  ay  hoods  rather,  tingle  Ilka  I  gussc  scon  poor  circulation  ...  I  foal  a 
terrific  pressure  in  ay  feat  new  la  ey  hips  and  e*y  stcosoch  •  right  la  the  pit 
of  By  stcMsch  ...  It  mass*  to  be  laying  right  there  exrf  ray  calves  fait  a 
little  bit  tight  there  ...  ay  calves  feel  like  they  are  real  thick  ...  new  I 
feel  real  loose  ...  (cough,  cough)  end  dlssy  ...  foals  Ilka  I  have  a  rock  la 
the  pit  of  ay  s branch  ...  I  don't  feel  like  roving  sy  bend  for  when  1  do  1 
got  dlssy  -  ay  bock  feels  cold  like  •'•tor  and  eolstsrro  Is  drying  ...  oh,  that 
rock  la  ay  stoanch  just  lifted  a  little  bit  ...  oops,  atm  It  started  bn  racing 
•round  ...  am  I'a  iMjrtcj  ±11  svsr  ...  foal  real  hsssvy  ...  foal  real  htiavy  ... 
oh  ay,  the  swlti  tighten  op  so  oa  that  ..."  (Dr.  CUann,  Chief,  B8UF1143!) 
"Visceral  sensations  disappear  during  wslghtlessress,  hut  are  excessive  daring 
tha  trass  It toe  period." 


Dr.  I.  vuu  Beckh  thought  that  he  btccrea  sick  as  •  C-131  subject 
largely  because  of  tha  extrwwly  short  recovery  (physiologic  adjustment) 


AMU.-TMt-62-lU 


period  at  tha  and  of  the  legcum,  X  hem  fl«ra  parabolas  la  fighter  aircraft 
for  aaay  poors  and  had  acrw r  boas  111,  Tha  fighter  aircraft  parabola  Involves 
■ora  g's  (4-4  1/2  g);  baravesr,  the  tress ltioa  periods  are  aach  longer. "* 

See  Bee  kb  (ref.  39)  reports  as  laeldreco  of  notion  slckaass  of  ooe- 
thlrd  of  Ms  subjects  used  for  ax^arlessata  la  fighter  aircraft.  Ba  Dotes  chat 
(a)  "the  subject  la  the  fighter  aircraft  is  highly  restrained  within  tbs  mall 
cockpit,  which  la  further  reduced  la  alsa  by  noasroee  record  lx  5  devices .  in 
the  C- 131,  however,  tbs  rabjact  Is  allowed  to  float  freely  end  Is  avea  able  to 
perform  team  acrobatics  like  forward  sal  bsttoard  aaasvsaalta.  additional 
labyrinthine  atlaslatloo  la  thrrofsra  psctehly  present.  la  addition,  la  the 
fighter  aircraft  tbs  subject  la  restrained  la  tha  harness  of  tha  parachute  and 
tied  down  by  shoulder  and  lap  belts.  It  la  obvioss  that  this  restraint  would 
dlsdnlsb  tbs  'Salloteesxrst'  of  tbs  viscera,  especially  of  tbs  abdominal  or jjsaa 
of  greater  velght;  a.g.,  the  liver,  (b)  la  tha  figlster  aircraft  ts^rterats, 
the  subject  la  beay  froa  ta&coff  to  tha  lscdisg  attaadlag  tha  often  rather 
complex  recording  devices  sech  as  tha  mtioa  picture  ensn,  —  ate.  la 
addition  he  tatalas  visibility  out  of  the  cockpit,  caa  follow  tha  flight 
■eneuvers  sad  foals,  tharatora,  aorn  a  part  of  tha  aircraft  than  tha  free- 
floating  subject  la  the  C-131.  (:)  la  the  fighter  aircraft  tha  subject  bears 

the  voice  of  the  pilot,  who  gives  hla  Instruct  lone,  but  he  does  not  fool 
observed  by  craw  aes&ers  and  other  subjects  as  la  tha  C-131.  The  fear  of 
becoming  ration  slch  In  the  presence  of  others  any  la  Itself  precipitate  vagal 
symptoms.*  la  addition,  notion  sickness  can  be  Induced  by  the  examples  of 
others  thrwigh  vinsral,  aoditory  end  olfactory  pathways.  Csrathovohl  (ref.  9) 
points  out  that  taring  tha  pasteovsr  them  was  lass  sensation  of  viscera  dis¬ 
placement  with  traharnsssed  s. rated  subjects  than  with  harnessed  subjects  (In 
fighter-type  aircraft).  Sirl/  In  1550,  ftlnkcrvl trova  (ref.  27)  flow  with  three 
doctors  in  several  consecutive  J-mcond  long  parabolas  over  Austria  and  reported 
that  "all  of  the  tost  crew  become  ill  and  nauseated.  Including  reporter." 

Bsber  reported  that  d  lasts  sue  1st  ion  batman  various  qualities  of 
perception  end  sensation  aay  wall  prodree  a  spatial  ceuatarpert  of  airsickness 
(ref.  1$).  lecent  laves tigatiens  (ref.  39)  have  revealed  that  a  disharmony  of 
the  perception  and  re naatlon  complex  (la  a  normal  1-g  aavirorasant  It  would  fea 
a  conflict  serin g  gra vital  and  visual  cues)  can  Indoce  certain  form  of  sea¬ 
sickness.  Crosefleld  (ref.  I)  rtp srted  betcddlerasat  during  the  g  transition, 
but  this  feeling  disappeared  after  tha  fifth  flight.  Ms  stated  that  ha 
experienced  vertigo  occasionally  oa  the  pullout. 

Or.  Clasann**  suggested  that  the  reason  hit  twelve  flight  surgeons  did 
not  bee own  111  oa  successive  weightless  Indoctrination  flights  In  tha  C-131B 
wee  because  of  their  Intensive  training  la  positive  g.  Ms  proposed  that 


dr.  K.  von  Beckfc,  Personal  Ccotkum  lest  Ion,  Aerospacs  Msdlcsl  field  laboratory. 
Hoi  loose  Af9,  Paw  Haxlco,  6  August  I960. 

korsccal  Cwsas.'nlcatiofl  from  Or.  Clesann,  chief  of  (pace  Medicine,  OSAfSAfl, 
gan  Antonio,  Texts,  24  Tuna  1991. 
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centrifuge  activity.  Including  rapid  (  transition  psrioia  an d  extensive 
Corlol  Is  effects  following  head  not  loro,  wo*' Id  be  an  Ideal  Method  lor  selecting 
Mai  training  apace  candidates.  i 

I 

Airsickucs*  appeared  to  decrease  asaag  (a*)  pilots  (when  flying  the 
aircraft),  (b*)  subjects  vita  entered  tbs  isaeuvsr  f res  a  supine  position, 

(c * )  subjects  In  flight a  ebfit  used  loss  than  a  2  1/2  g  parabola  entry,  and  (d 1 ) 
experienced  subjects.  Airsickness  t*cd«4  to  increase  (a)  eooog  Idle  subjects, 

(h)  whosever  tbs  cabin  becssae  uncoofortshly  vara,  or  (cj  when  aaneuvers  were 
flown  la  cooaecutlve  peirs. 

Ia  general,  those  suffering  2ron  nausea,  vtso.it lag,  and  vertigo 
complained  that  the  Ineroaeed  acceleration  end  the  chatting  gravity  encountered 
during  the  trajectory  wore  probably  responsible  for  those  disturbances. 

f  1  , 

Applications ; 

(1)  The  lack  of  this  sywpfras  any  be  a  useful  crew  selection  criterion. 
Ibis  effect  nay  not  be  to  important  weightless  problem  after  crow  selection, 
since  exposure  time  end  practice  appear  to  be  physiologically  beneficial  for 
adaptation  to  the  welahtless  state,  this  agrees  with  Ceratbnuobl *s  findings  In 
earlier  work  on  tbs  test  topic  (ref.  9).  Lawrence  (ref.  23)  agrees  that  "9 51 
of  Individuals  studied  can  develop  s  tolerance  to  unusuel  notion.  Suppression 
of  Mtuatiuus  and  responses  my  develop  In  non-penfessloral  skaters  In  6-7  weeks. 

(2)  Mjtloa  sickness  night  be  anticipated  In  space  when  workers  under¬ 
go  rapid  g  cbstijes. 

(3)  Supine  or  prone  positions  should  be  used  during  transverse 
accelerations. 

t 

(4)  The  rate  of  g  transit  can  be  lengthened  la  tbs  Maneuver  by 
sacrificing  weightless  tinea  for  entry  sad  exit  tlaat.  In  addition,  a  l-g  entry 
(rather  than  2  1/2  g)  by  the  C- 1313  will  yield  6-3  seconds  of  weightlessness 
end  thus  s  norrsal  entry  can  be  used  es  a  control  condition. 

11.  Task  Ineok’pletion  -  Coerces*  la  Span  of  Attention  •  Ksny  subjects 
felled  to  sccosnlish  sisals  tasks  during  the  short  weightless  period.  This 
effect  was  considered  es  a  typical  stress  response  end  not  specific  only  to  the 
weightless  condition. 

teflm 

Several  subjects  successfully  performing  gtoe*  psyehessotor  notions 
becaas  confused  whoa  their  seat  bolts  were  loosened  (tttra).  Monitors  who  had 
extensive  training  end  who  were  indoctrinating  the  Astronaut*  in  nrthoda  of  solf- 
focotaotlon  Occasionally  forgot  specific  tasks  to  be  performed  .mediately  sf tor 
Instructing  their  subjects.  (Dives'  "J  be  ; u—  twytecoiy  dJsurientad  when 
untangling  nysolf  frosa  a  reps."  (Photographer)  "Requires  s»re  coocenernt ion 
to  do  even  staple  tasks."  A  free-f lusting  photographer  forgot  to  operate  the 
centre  shutter  on  four  successive  persUiUa.  Pigeon  handler.'  needed  an 
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Independent  uonltor  to  cell  out  i  Lap  It  tasks  to  th*»  to  insure  progr  aa 
completion  (Extra). 

ftltctidlea! 

This  bahavlcr  my  ba  s  atren  response  by  naive  subjects  perforating 
in  unfamiliar  aetrlrcrr-^r^o  daring  abort  periods  of  tins,  during  the  exhilaration 
and  cxcitaoeat  ©f  toe  nccnoit,  subjects  freeuently,  and  conitcro  occasionally, 
do  not  pe-rfijni  single  datiao.  S csrf*  sue  poets  that  "since  tbo  physical  phenomena 
are  r-ovel,  one  canters  oa  oc*  1  ton  at  a  else;  hoverer,  increasing  experience 
should  eliminate  this." 

Bader  actual  long  tens  vel$htlece»aaa,  ting  (ref,  20)  supposes  that 
"a  daerssea  la  the  stata  of  aLertacss  and  a  perfertssaaea  decTesstaat  can  bn 
aatlclpntad  &e  to  the  least  total  ssawty  lc pat"  ufeeraas  the  subjects  la 
flight  are  reacting  to  hlj ghee  tiaca  normal  acceleration  inputs  ever  extremely 
short  Class  periods  (transition  periods). 

application* : 

(1)  d  criterion  for  space  crew  mi  lac ties  night  b«  the  adaptation  rata 
of  suhjocca  to  sassssl  envirurasenta  sm  short  tins  parlodt. 

(2)  ■airgsary  tests  should  be  assigned  to  tatharod  ops rs tors  rather 
then  free -floa tar*. 

<3)  Tack  analyse*  of  operator  duties  in  space  vehicles  should  include 
a  tins  corataae  to  allow  free-floating  corkers  to  reorientate  to  a  work 
position. 

(4)  Training  periods  teed  to  rapidly  Increase  self -ccnf ldsnce  as 
shown  by  the  subjects'  ability  to  shift  their  retention  from  concern  over  body 
position  to  task  c cap let Ion. 

12.  Berness  Irritations  -  \ffsea  parse  but*  harnesses  were  securely  snubbed, 
they  tended  to  limit  g-fres  activity. 


“tfy  harness  teemed  tighter  under  seto 

Btscoss loo: 

Subjects  have  coaplalnod  of  harnesses  that  gou.es  then  and  have 
readjusted  btckles  after  free  •floating.  A  basic  kl  twenty  description  of  the 
dynamic  ineersctlons  of  body  ssjremta  in  a  surface-free  envtr  entrant  say  txi 
meted  to  indicate  opt  Iran  restraint  points. 

ifpllestiest! 

(1)  Baraesses  end  wearing  apparel  should  he  designed  for  g-frec  ilsfc 
activity.  Vhey  should  allow  for  erxieual  lleh  positions  and  sudden  l  lab  a<  colora¬ 
tion*. 


*  Par sonel  Ccrastm lection,  Cexrssttdar  Sessd,  Ibid. 
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(2)  Httbsis**  should  protect  ajalnst  aecele ret  lean  end 
decalaruticos. 

13.  HelpleseBeso  bccueua  Surfaces  •  Subject*  who  have  dissipated  their 
llw  t  motion  by  colliding  ulth  other  subjects  or  who  (bid  the  floor  "flown  out 
froa  under  then  "  have  found  therein®*  unable  to  reach  a  *urtaco. 

Examples; 

(Diver)  "I ’a  coming  off  the  floor,  ain't  doing  nothing,  floating 
up,  I'«  In  the  air  now,  buunped  sooathing,  I  lit  the  top,  I  think  1'.  don't  know 
where  I  am,  1'n  Just  hanging  here  aotinnlasa.''  (Divar)  "Tba  fee  11ns  of 
helplessness  coraes  frrra  the  fact  that  I  don't  knew  which  way  I'a  going  to  end 
up  oi  how  hard  1  will  end  up."  (Diver)  "Rslplessnat*  feeling  la  diminished 
after  successive  runs."  (Diver)  "I  was  never  dlsxy,  but  very  helpless." 

"1'ai  In  a  bell  but  I  can't  cab  By self  tushie." 

Discussion: 

Once  free  of  e  surface,  the  subjects  could  only  oscillate  (by  use  of 
1  1_h6  movements)  In  one  place  or  return  to  tho  surface  by  throwing  an  object 
(expending  ass)  In  a  direction  opposite  to  the  rurfacu. 

*.  i ’.cations: 

(1)  Life  linns  will  probably  be  requited  for  ell  workers  outside 
the  vehicle. 

(2)  Emergency  techniques  (expending  net)  for  returning  to  s  surface 
should  be  developed  and  included  In  training  ptoframt, 

C.  Motion  Effects  -  TH«  short  tarn  effects  of  weightlessness  on  the  harnessed, 
surface-attached  operator  aro  aptly  suEswsrixed  by  !SASA  pilot  Joseph  Walker,* 

After  an  extensive  discussion  of  the  panoramic  dot-all*  of  his  first  t-einula 
weightless  parabola  In  the  X-1S,  ha  concludes,  "All  the  foregoing  was 
accomplished  at  xaro-g  and  serves,  I  thlrk,  as  a  fit  coavsentary  as  to  whether 
the  human  can  function  under  these  conditions.  In  fact,  I  was  rclldly  disappointed 
tliat  my  stay  wasn't  longer.  Two  •»! notes  of  weightlessness  sra  no  more  of  a 
problem  than  lesser  periods,"  The  lusslan  cosmonaut  adaption  progress  Included 
training  flights  with  period*  of  weightlessness  lasting  kO  seconds.  It  wan 
found  that  all  trainees  stood  up  well  to  weightlessness.  "In  addition,  they 
could  taka  in  liquid,  semi  liquid,  and  solid  toed,  perform  subtle  coordinated 
movements  (writing,  purposeful  novemnts  of  the  hand),  train  tain  radio  contact, 
read,  and  orient  themselves  In  space  rl'ial'y"  (ref.  37),  In  hie  flight. 


J ,  1»,  op •  c 1 t 
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Cosmonaut  Sagarin  r*?ort ad  that  ha  fait  veil  throiTghout  tha  period  of  walght- 
Imkmm  and  hi*  working  ability  eats  completely  uo  tape  trod  (ref.  19). 

The  unharnessed  e  para  tor,  bewnwer,  faces  new  problems  of  body  control  and 
this  aactlon  dlsccssas  a eea  of  tba  unlgaa  problem  bo  will  have  la  aa  inclining 
om  aad  off-turfsca  body  positions. 

1.  Body  Roslllet-s  Motions  •  hetln  subjects  stewed  a  tendsccy  to  laawa 
surfaces  following  eurfaco-to-fcody  directed  accelerations  of  tfco  vehicle.  Tha 
a odden  relaxation  of  g-caagrrasaad  tiasws*  and  peddisg  teay  ccspoaa  enough  force 
to  launch  passive  subjects. 

Earoplat  *  1  \, ' 

(Astronaut)  "Body  resilience  will  force  you  off  the  floor." 

Discuss lea: 

Pass  Ira  subjects  lying  prose  on  tha  floor  scsstlms  roan  from  tbs 
surface  after  attain  log  weightlessness  while  bard  (nCTireoillcaC)  objects  of 
the  sana  approximate  rasa  resalasd  on  tha  aurfaca.  Cocysesslbla  It •sea  with 
greater  seas  than  can  (such  as  ait  trasses)  my  haws  bam  accelerated  at  a 
slower  rata  and  eswer  wrra  aaaa  to  iaawa  the  floor.  Tara  spring-typo  roactloa 
aay  follow  from  body  cr  vehicle  notions. 

A  plot  of  body  and  body  on  cushion  definition  eight  appear  as  shown  on 
figure  12.  A  very  low  order  noaliasas  body  sector,  response  auy  follow  either 
a  rapid  excessive  g  pcsb  and  rs Isaas  condition,  or  a  staple  push  of  th® 
subject  into  the  sect  tihlla  weightless. 

t 


yigurs  8  .  plot  of  Probable  Body  Res il lenses  fe floe cions 
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Applications: 

(1)  Sleeping  crew  meets  ri  auc  oe  restrained  against  Lhelr  surface 
directed  notions. 

(2)  Compressible  nesses  containing  spongy  nsterials  should  be 
restrained  during  varying  vehicle  accelerations.  The  increased  spring 
constancy  of  a  cuchlon  would  probably  Increase  the  subject's  launch  velocity 
after  a  surface-to-' vdy  directed  notion  of  the  vehicle  or  body -to -surface 
directed  notion  of  the  subject. 

2,  Self-Induced  notions  •  The  next  five  affects  deal  with  self-induced 
llafc  notions  and  their  effects  on  body  notion,  Itotion  performance  can  be 
characterised  la  terns  of  speed  and  accuracy  of  the  wwiwnt,  and  of  the 
strength  that  is  required  or  that  can  be  applied  In  executing  the  nsraauver 
{ref.  2);  horovar,  for  th*  purpose  of  this  report,  only  observed  gross  body 
motions  vs  re  . ited  and  standards  or  scales  of  speed  and  accuracy  and  force 
application  were  not  recorded.  Only  the  resultant  notion  behavior  of  the  frec- 
f l.~~ter  after  perforating  the  eight  gross  notor  activities  used  in  this  report 
(App.  1)  were  observed.  The  activities  were  chosen  for  their  ability  to 
suspend  the  can  between  surfaces,  cause  translations  and  rotations,  and 
increasingly  promote  proprioceptive  feedback. 

These  action-reaction  actions  of  surface -tree  .objects  Indicated 
new  problem®  of  overcontrol,  stab lltrct Lon,  solf-rotstlon,  and  orientation 
that  do  not  concern  the  harnessed  operator, 

s.  Sartssaing  ffotiona:  In  the  lighted  cabin  naive  subjects  showed  an 
initial  preference  for  twljaatng  or  flailing  lloi  votlons  (fl*.  13),  These 
motions  appeared  to  be  attempts  (unsuccessful)  to  self -rotate  or  regain 
surface  contact. 

Examples: 

(Pilot)  “1  am  confident  of  control  because  there  is  air  to  swim  in." 
(Diver)  "Swtraalng  motions  effective  in  altering  position." 

Discussion: 

Subjects  reported  these  motions  as  sttewpta  to  (1)  move  forward, 

(2)  stabilize  theraselvea  end  (3)  turn  aro'jsvd ,  The  motions  rarely  accomplished 
factors  (2)  or  (3)  and  tended  to  aggravate  notion  Instead  of  allowing  the 
subjects  to  stablHr*.  A  fev  self  rotations  wars  awkwardly  accomplished,  but 
precise  control  was  absent.  One  cannot  translate  or  move  the  center  of  rravity 
(attempt  (1)  without  expending  mass  from  the  system  or  applying  an  external 
fores. 

Applications: 


■  I 
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Techniques  to r  self -retsLlun  are  being  developed,  and  training  in  these 
ms t hods  are  being  accomplished  in  short-term  weightless  facilities.  The 
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ttctol^aM  an  baaad  on  btescfcaical  analyse*  of  natiscd*  for  tranafei  tng 
angular  B&nastaa  by  11j*  nBalpolatica  (nf,  22). 

1  2  3 


4  5  * 

Typical  Cncoccciaful  Sutraing  PStenpt  at  7/Jro  "g" 

flgura  9  .  Swlmlag  Notion 


b.  Croas-flovplad  Rotten*!  Subject*  absorbing  fowls*  (aircraft 
notion*,  ate.)  or  m If •  leased  Inertial  fores*  [cvczt  the®®#  1  vs z  Initially 
rotating  about  a  ilngla  axl*.  8«ce«»*lva  noymsant*  often  InrfeKed  couylad  or 
na It laxl*  rotation*. 

HltUtiM! 

Tkrea-axl*  freodca  cosplLeatsa  ft*  control  problsa  for  an  unstable 
g-froa,  flaxlbla  *ta£»jeet  wbo  t»*a  «  coelllatlap  cantor  of  cat**  and  Interacting 
ftwbKti  of  inertia  nsoag  hi*  llcSba  «ntd  body.  Slnjla-axl*  rotation*  nay 
UanrdLrtaly  couple  Into  isultisxla  rotatioao.  Almost  any  notion  by  tba  snbjact 
to  allaviata  a  apln  only  Increase*  hi*  spin  complexity. 

Subject*  axpondlnj  «*u  by  throwing  article*  or  utilities  «ir-r**ctioo 
Aavlca*  nor*  *pvn  Into  thro* -dtaeo* lets*  1  (pint  (Extra).  Tm  cubjact*  attonptlns 
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Co  ha-tdlc  a  ■aterial  bctwoaa  tbsa  by  cooperating  with  •  irrple  tor  quo  uski  on  a 
cokom  board  {tig,.  14)  aarsally  codtd  thoLr  trial*  la  a  taagla  of  am.  1*3*, 
and  aster  La  1  (Extra). 


'0.  Torino  Task*  on  a  Cowwa  Board 


IffllntloMt 

(1)  Taifcai'l'Be*  for  shifting  a  «oltlpl«-*xls  rotation  to  a  slnglm- 
axl*  spin  of  »4a  irony  mill  b*  .»wputsd  with  dytseslc  *r.sl»e«o  of  a  flexible 
fora  aerf  wrk.^«!  IvflLglt  la  or  for  to  predict  orbital  tusAia  beSwrior. 

<2>  Tb®  aatmsliM  of  1  Infos  will  re<fv<«  tfce  r*ta  of  tp la  and  tills  rpa 
dacre&co.t  eon  Id  ha  *st*t>llUfe»f  for  the  flexible  worker  for  rerlooj  pos terra  and 
additions  of  Mao. 


c *  Uncontrolled,  Pendulous  Motions :  Subjects  tended  to  wobble  sbout 
their  point  of  anchorage.  Self  noveaeats  of  the  Hubs  produced  residual 
oscillations  throughout  the  body  causing  unstabla  work  performance,  poor 
translation,  and  poor  attitude  and  position  control.  Lied)  notions  toward  the 
surface  often  suspended  the  subjects  adjacent  to  the  surface. 

Samples: 

(Diver)  "Sfy  lags  senasd  ewfcvard . "  (Diver)  "I  waa  ungainly  sus¬ 
pended,  didn't  have  tbs  control  1  have  In  the  water,  evaa  with  a  handhold.” 
(Diver)  "Ho  problea  of  fins  tasks  requiring  finger  dexterity,  however,  nove- 
aenta  Involving  elbows  and  shoulders  wore  difficult.”  (Diver)  "As  soon  as  I 
dropped  ay  an  down  ay  fast  cam  off  the  floor  and  I  started  floating  around." 

Discussion: 

A  point  of  surface  contact  helps  the  subject  resale  at  a  surface;  how¬ 
ever,  surface-free  interacting  nwrats  of  Inertia  of  the  lids  say  Induce 
sloppy  performance .  Surface -attached  subjects  tend  to  oeclllata  ab-r.it  their 
ankles  and  look  as  though  triers  were  we  ter  currents  disturbing  thea  at  they 
expend  such  energy  trying  to  *  tab  l  lira  theme  Ives  against  their  own  self- 
induced  ao t Ions  (ref.  35) . 

Subjects  aovltig  aasses  toward  the  surface,  save  their  center  of  anas 
away  f row  the  surface,  and  leave  the  surface. 

Applications: 

(1)  Ofefos Twsead  subjects  should  not  be  required  to  perfora  notions 
requiring  accurate  aovmssnts  without  training. 

(2)  Open  anscle  ajrstess  ntst  be  avoided  and  nan  should  eitort  a  forca 
against  hi  me  If  (ref.  It);  e.g.,  a  window  washer,  using  his  safety  bolt  attached 
to  a  belldlrg,  is  esiploying  a  closed  muscle  systea  when  he  pushes  against  the 
Kelt  with  his  hock  and  the  building  with  bis  feet. 

(3)  Msaardou*  aachimry  should  be  guarded  against  uncontrolled 
operator  aetlona. 

(A)  Tether  designs  aay  be  based  on  the  slslaa  degrees  of  fvoedoa  of 
action  required  for  enspletloo  of  a  Job. 

d.  Scoring:  Subjects  sre  abls  Co  scar  through  specs  with  con-wt retire 
eeee,  but  without  extensive  training  they  will  usually  suffer  uradsraped  slow 
rotations  (inadvertent  tusfclLnj),  because  of  poor  launch  techniques  (fig.  13). 

(Diver)  "Soaring  Is  very  tlnllar  to  training  tank  at  neutral 
buoyancy."  (Pilot)  "TK*  biggest  enjoymst  la  frs«-f lodting  is  the  sailing. " 
(Diver)  "The  trip  to  the  noon  (cask  3)  prst  :y  ouch  corresponds  with  a  dive 
starting  froa  neutral  buoyancy  ad  perhaps  pasting  through  neutral  to  negative 
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Soaring  subject*  often  propel  other  subjects  or  materials  on  contact 
and  transfer  seas  of  their  oners;  to  a  rotation  of  tha  second  party.  Thla  ia 
similar  to  the  way  a  billiard  ball  can  propel  another  ball,  with  tha  angle  of 
divergence  dependent  upon  tha  eloseaejf  of  tha  point*  of  contact  to  the  balls' 
respective  centers  of  ness. 

applications : 

(1)  Subjects  will  require  training  for.1  accomplishing  short,  straight, 
and  stable  flight  paths, 

(2)  Attitude  control  will  be  a  requirement  for  flight  paths  requiring 
■ore  than  one  thrust  Impulse. 

(3)  Orbital  trajectories  for  ting  la -Impulse  notion  performance 
(soaring)  indicate  a  need  for  safety  lines  for  all  personnel  outside  a  vehicle 
and  their  knowledge  of  and  training  in  orbital  notions. 

(A)  Minimus  soaring  volumes  should  be  established  and  configuration 
and  arrangement  of  handholds  determined  for  locomotion  within  space  vehicles. 

a.  Difficulty  In  Walking  (Task  4,  see  App.  I):  Without  handholdr  or 
attachment  devices,  no  tun  1  us '  king  la  Impractical  during  weightlessness  and 
propels  the  walking  subject  from  the  surface. 

Examples! 

(Diver)  "Bilking  seen*  awfevard . "  (Photographer)  "I'si  continually 
looking  for  something  fixed  to  the  aircraft  to  bold  onto.”  (Diver)  "It 
appears  to  be  slippery." 

Discussion: 

Iks  l-g  walking  gait  la  a  push-pull  operation.  The  push  Is  upward 
and  forward  through  the  longitudinal  axis  of  the  body.  The  swinging  leg  moves 
forward  and  decelerates.  There  is  a  transfer  of  energy  (pull)  from  the 
decelerating  (swinging)  leg  to  tha  remainder  of  the  body,  thus  promoting  a 
euoother  forward  wot.'on  of  the  center  of  vest.  The  heel  of  the  swinging  leg 
then  strikes,  following  which,  the  toe  Is  eeted  dc«m  placing  the  foot  flat  cm 
tha  ground.  The  next  cycle  begins  with  a  pushoff  by  the  other  leg.* 

The  initial  puah  propels  the  subject  froc  the  surface  under  weightless¬ 
ness.  Subjects  usually  expend  sore  energy  keeping  themselves  In  contact  with 
a  surface  then  they  would  require  to  soar  above  It,  Subjects  ara  able  to  walk 
spider  fashion,  i.e.,  hands  on  one  surface  and  feet  on  opposing  one,  between 
close  parallel  surfaces. 


*  Personal  Osrounlcstlon,  Dr.  H.  J.  talstnn,  Blomschsnics  laboratory,  University 
of  California,  Sau  Francisco,  California,  5  Juno  1941. 
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Divers  report  dut,  In  water,  a  gliding,  injultltiva  on t ion  of  the 
feet  (pussy-cettlaji),  with  all  of  Che  body  a aas  accelerated  In  the  horizontal 
(parallel  to  surface)  direction,  produce*  a  racccaaful  walh  a a  long  as  there 
la  no  vertical  estioa  or  bceraca.*  this  tcchaigoa  way  he  tdoguata  tax  loo, 
positive  gravity  fields. 

dppllcr.elcoa: 

(1)  Bar«&ol4a  la  lass®  vehicles,  aSaw iva  frotgasr,  and/or  tethering 
hardware  will  ho  rcvjol'^rt  for  oslhicj.  Bsts  e!  CJ?:.-oa  era  being  or  have  been 

teatad  at  the  655'Cth  ArresTm*  E-reeas'cls  F.rfe  •fflthociae  (fig.  16,  ref.  17). 


figssralS.  Weightless  Utilfeisg  -  ASfsaaiva  Peotgeur 


(2)  Tha  waiting  gelt  rbewld  he  sfraSScd  in  orAsr  to  detomlna  notion 
principles  oe*d  btardssire  reigulranisees  ftr  mlkirz  win  ralijitleaeaeas,  partial 
g,  Coriolis  forwo,  encessivs  f  eeodifclo"su,  and  oa  curved  surface#  that  way  he 
encountered  o «  .t!ni  pkswta  and  vehicles. 

D.  W  sea  1  lemwna  Sfficcta 

1.  gigldlty  of  Fettered  Tools  ISsctrs)  -  Subjects  using  frae-floatlnj  gear 
containing  electric  Ktot*  can  feel  the  rlgldltyla-spoce  characteristic!  of  the 
rotating  motor,  fcwss  rotation  about  the  aotor  axis  say  be  encountered  duo  to 
the  actor's  bearing  friction. 


(Vhecognphar)  "I  can  feel  ay  (no ter  driven)  caaara  fighting 

I  tarn  it 


when 


Perrons  1  Interview,  Dinar,  0.  S.  Ravel  S«d,/aarli»e  Base,  Vai  London,  Con*. 
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Subjects  who  attempted  to  reposition  handheld  eluctrlc  drills  Ipower 
oo)  nay  turn  themselves  about  the  drill  when  they  apply  torcwia  against  the 
spin  axis  of  tb«  wo  tor.  IMs  principle  was  need  to  stabilise  subjects  and  as 
a  aathod  for  control  Lid  rotation  (ref.  34). 

Applications : 

(1)  Orbital  sorbets  us  Ins  handheld  powemd  equipswat  nay  require 
different  stabilisation  rsfsiraasts. 

(2)  Workers  .lerfomlng  a  limning -of -ester  la  1  tastes  asy  find  that 
slsapls  no  tor 'Stabilized  assemblies  taad  to  resist  external  forces  and  thus 
serve  as  sedstabla  platforag. 

(i)  camera  no  tort,  etc within  free-floating  capsules  saty  lapert 
forces  to  the  entire  assembly. 

*.  Suspension  of  Oust  and  Objects  -  Inadequacy  of  Open  Containers  • 
Particles,  fluids,  and  objects  float  freely,  sad  soaring  subjects  dislodge  and 
prune  1  this  debris.  Loose  oblecfs  within  closed  container'.  h-Wc  became  daewg.  J 
and  open  containers  have  lost  their  contents  during  aircraft  turbulence  or  when 
touched  by  subjects  In  notion, 

CxMple: 

(Diver)  "l  thought  I  nas  seeing  spots  bsfore  wy  ayes  until  I 
reclined  they  were  duet  pert Ulns." 

Disc  on 'Ion  • 

Pree-f .oacing  subjects  continually  loss  paraphernalia  froa  unsipped 
pockets,  Caasres,  socket  wrenches,  parachutes,  sandwiches,  end  even  standby 
subjects  have  floated  off  when  act  properly  restrained  or  whan  touched  by  other 
objects  or  parsons.  Brittle  foods  carelessly  eaten  will  crumble  and  Uttar 
the  environment.  Kislald  tools  are  often  difficult  to  find  after  a  oisslon, 
because  continuous  aircraft  oscillations  toad  to  sift  thess  Into  email  crevice*. 

Applications: 

(1)  Continuous  sir  filtering  way  be  a  roquircsttnc  around  intricate 
equipment, 

(2)  All  objects  should  be  secured  sad  padded  ox  smoothly  configured 
If  they  are  need  frequently. 

(3)  ContJiaer*  of  the  shaker  and  sprinkler  type  should  be  avoided 
lot  their  contents  will  only  eontasiaate  the  air, 

(4)  Daaagaabla  objects  should  be  restrained  within  containers  and 
too  Is  should  be  tethered  to  the  worker  ee  well  aa  to  the  storeys  surface. 
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Tethers  (kmU  b  short  la  Uajcil,  since  ea  accelerated  object  on  a  long  tether 
could  ncliclr  tad  bi&d  Ua  operator. 

(3)  t>  tiudenns  tyatea  ewabllas  a  littislets  object  amcjs:sr.;tf  cod 
rearretsssaasnt  vi’f'.z  balp  >r«  1  levy  t&a  betfe^ra  of  Isssg  period*  of  trvual  la  a 
confined  space.  Kshsr  (red.  14)  cay  h«v*a  bsaa  acajiS it  ocarconsos’rr.td  trfeao  bo 
suspects  that,  “usacssltttKa  ttsogsla  wisb  the  w^tleu  ofejicts  vatild  add  to . 
the  psychological  stress  of  tba  es'-ivajsra." 

3,  ffcysleloglcal  Effaces  -  IS*  following  testrtessfcal  phyijtolosleal 
factor#  were  nofcsd  or  eoajsctojtsd  by  ©elected  crsbjocto  asd  were  not  otadled 
for  accuracy  or  rolleMllty,  Ihjy  srs  IrcSrsfcdl  only  rs  po&intlal  problrass  of 
interest  to  bioMtrnianitlcs  psTsoonel  trad  Ray  Vt  catacd  In  part  by  she  n»um 
artifacts  previously  diacnoeod  or  nay  ref  lout  an  Idiosyncratic  resspotwa  of  fchs 
•object.  Knight  (r«£.  21)  usmt  t!-«st  "Kyis  to  logic  cj?a  euroaiata  e*  con  bo  «<!« 
in  a  blown  nsro-p  ellipse  repraceas  r«.sps5K:®a  cot  to  a  alffijda  «sr»stai«s,  bast 
rathe?  to  the  entire  ccaple*  of  acceleratlvs  r. hongs  desssadad  by  tl«a  flight 

m»n#r<  1d#M 


“tc  following  list  cf  physiological  lectors  done  nut  appear  to 
contradict  Haber  when  he  states  that.  "I5w  condition  of  weightlessness  li  not 
likely  to  pr-dv--  »«>7  d< «r.n-b*nces  la  the  wejor  functions  *tw:h  aa  respiration 
or  clreulrtloo”  (ref.  19). 

a.  (Dlvar)  "55a.aal  drip  -  was  forced  down  throat  with  norfisil 
swallowing  motion."' 

b.  Toon  -  adhered  to  the  rye  beenue*  of  surface  tension.  end  ijmid 
over  the  sirrfoc*  of  tiw  eyeimll  (noted  by  fsycVo  legist  referring  to  <to  alr»luk 
subject). 

c.  Eyw  sensation  -  Cerathneohl  (raf.  9)  reports  "hat  a  “lift Left 
sensation  that  rcsenMes  pressure  on  the  lower  portion  of  the  eyeball*  Is  felt 
but  failed  to  prevvnt  the  ayes  from  ftfw-.ii0nl.e3  norrally."  (This  hoa  not  boon 
noted  during  WJTJL  tents  and  night  No  a  response  to  the  higher  g  entry  of  fighter- 
type  aircraft). 

d.  Talking  -  (Ulwf)  “Zvery  tJUse  I  started  to  free  float  I  could 
not  talk  for  a  f«w  ancon?*."  This  never  appears  to  bspym  with  eirtsrloocod 
subjects,  but  t*0a  rr  ported  by  two  naive  subject*  and  way  have  been  duo  to  the 
stress  of  the  bitlljht  slttsstlon. 

e.  Chnng  Ic-j  ear  pressures  -  In  both  aircraft,  th»  cabin  pressure  race- 
of -change  indicator  needle  often  traveled  to  the  plus  and  mir.os  Units, 

Indicating  extresas  ch^njeo  during  tha  twneuver  (2)00  ft  per  nln,).  This  arti¬ 
fact,  produced  by  the  aircraft  system,  has  induced  such  comments  ae  "Velghtlse* - 
ness  Is  raking  «y  ears  pop,"  end  "I  feel  a  pressure  on  my  ear  dnsa."  Two 
subjects  spinning  at  rapid  rates  esentioned  ear  sensations;  h.vrever,  the  spti 
axes  and  rates  wr»  not  recorded.  19*se  sensations  ts»y  have  been  stlswlated 

by  centrifugal  forces  acting  on  tits  head. 
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A  diver  noted  that,  "any  Movement  in  the  water  can  directly  be  felt, 
in  the  water  the  pressure  change  la  such  greater  and  you  can  tell  it  you  are 
■ovlng  up  or  down  by  pressure  changes  In  the  ear  drums," 

f.  Valsalva  -  difficulty  was  reported  In  performing  the  valsalva 
smncuver  after  free-floating  by  tvo  subjects.  (Ibis  la  a  anthod  of  equalising 
pressure  on  the  eardrums  by  forcing  acblent  air  through  the  eus tcchlaa  tubes 
to  the  inner  ear.) 

g.  Chills  •  were  Infrequent  synptoaa  of  nauaea  and  a  cold  cabin. 

The  temperature  was  Vent  low  (45*  to  65*7)  in  an  effort  to  lower  the  alrslcknesa 
rate. 


h.  Regurgitation  -  Many  motion-sick  subjects  regurgitated  constantly, 
and  one  officer  assigned  to  this  project  for  over  two  years  (logging  600 
parabolas)  emptied  his  stocsich  almost  every  flight.  As  King  postulates 
(ref.  20),  "In  the  absence  of  nongravitat tonal  force,  no  density  gradients  can 
exist.  Thus,  regurgitation  of  sonlsolid  stomach  contents  would  probably 
Increase,  since  this  function,  dependent  on  differences  In  density,  will  be 
Inoperative  In  weightlessness." 

1.  Sweating  •  Recausa  aost  airsick  and  soma  non  -sick  subjects  sweated 
profusely,  cabin  temperature  was  maintained  at  a  chilly  level.  Bod;  cooling 
Is  dependent  upon  heat  convection  and  aa>  not  function  In  weightlessness. 

King  (ref,  20)  notes  that  Seat  loss  by  convection  and  evaporative  cooling  will 
be  reduced,  and  also  Over  subjects  ««y  be  trained  to  aid  boat  exchange  by 
voluntary  Movements  of  llshs  and  body. 

After  the  first  0.  S.  Suborbital  space  flight  (ref.  7),  physiological 
responses  to  five  Minutes  of  weightless  flight  (Interrupted  by  23  seconds  of 
retrotlre)  wen  found  to  be  uneventful,.  Vision,  semicircular  canal  function, 
and  hearing  appeared  Intact  throughout  the  flight.  Astronaut  Shepard  was  able 
to  operate  a  complex  vehicle  with  no  significant  reduction  In  performance;  how¬ 
ever,  Cosmonaut  Titov,  an  unharnessed,  relatively  free  operator,  apparently 
suffered  canal  alcfaun  (ref.  19). 
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A  gasscs-sl  teslga  efjMssjr®,  fteasd  g-fssja,  «s®5  fsrioad  fro  mi  aj»j»ll®il 
to  tto  *wte*a  esassticws  cwl  pssfdffiosaea  fectan  listed  ia  Tails  I.  Tbits 
oo>Mjt  tofSasTa  tto  es»  eS  tto  cpsoity-flrais  anaircsassat  as  •  fcras,  ratbor 
tta  feswlcs  sawb  *rt«sts4  tetooler  lit©  tto  aol^tissa  state. 

TaS>la  U  lists  tto  fc®»- float  i?s  csssatleaa  esd  po*#a«swae»  cid 

kfsctbMlsn  tbs  dji’fe-.rettcsa  trA  #ieilr2»iti©a  betasaa  sal  lass  faoilltiaa 
<U  Mtaslesaw  la  RjKraSscisg  ttoss  offo«sa.  fosaiEsffel  fans'*  esso*®  of 
raeosssA  era  ales  listed, 

AinittodJy,  tto  ketosis®*  la  tMa  eojot*  ess*  liaitod  to  sospcaaas  to 
•wy  etost  ««i£as&ss  yaal«S  cad  tkir  «©i£6Stjr  essssfes®  to  to  «eri{i«i  Its 
Htltd  teMeJss.  Tfca  feat  tto*  tto  eoroSa  <r.S  eto-Pt-tos®  jre-scrfllss  tsetolqieca 
wi  ia  tftl.3  rr^im  fe«a»  rEwaaSad  eii-Kss  we^asaca  ecgssta  that  ttoro  eay  bo 
■assy  fectooiesal  tfesargsa  ywt  t«  to  fstaasei.  Ussijjlaa  a f  taiqua 

MitfiUtn  toniw  <wa  fsrjiajy  fcaisg  dsesnsaeafi  Sicaa*  (raff  88)  ton  atstad 
that  tlis*  e-ft-sa  aaJSlc-j  gait  la  dlffoewat  ttoa  tto  W  celt.  tollliipir 
(ts»f  i)  ■otto  “ctot  erie&totioa  Aistwtoaes*  wsrs-e  ttocsraad  v-to®  tfe*  acbjocto 
mmm4  tl«!j  toasdo  ewo-greoitry.*  CsrsttoaKftl  (resf  IS)  ect-ias  that 

"toot  mo  Iks**  ia  tSwsS  disttstosass  es«  ceased  by  additional  aoeslarotlms. 

Mo  oaaast  eapac?  r?-.y  Cszritslla  tertssa  to  bo  peodeead  by  tr-sd  aewsssat  -  sCurn 
tto  MHtXtole:/’  '".'rit’ta  is  at  root."  tr,  BtaJcto®  ia  esraduetias  tasta  of  ratotcyy 
■yotapaaa  aa  tto  KJ-123A  ets!  toa  fcypdSSsrslswS  ♦?»«  «to*»  will  to  a  dwy 
*i«11m  ctf  tfela  fcmSmeny  tr-rjoe®*  £»rlr.$  rsi^lc?.zte«a.  ItN^wU 
<raf  83)  balds  ttot  cfscSt«ti<r»  erss*  tto  Rjn:~'s  cdfeji  in  tto  twlBaw 
areaad  tto  ateTsci)  ca*  fetessste*  era  *s«8  to  to  erased  -  tod  •  tpaos  oorsica 
of  *ati«a  tickm  is  ks  socstocril?  to  to  recV-~sd  eitb."  Rseso  («f  80) 
baa  fatmd  a  ai.£aifi«snt  differeao  lima  town  w«  cad  tal^it  ibcrSalMSlo* 
AlUtlc*  of  s’...Vsi*cSa  basiling  objaets  o»d  Fig*  (re?  23)  smyeata  a  Kail 
dacawnawt  of  vieeal  osaisy. 

Tto  first  ©nsal<fe«5tI<H3  fer  fBoolcplsj  henfeeesa  e~A  e^tioisiny  porforwmoa 
aboaM  to  tto  epjraelMiea,  adcsesflsdjpiErat,  en-3  reso  of  tSscoa  WBigJstloaa 
batoaino.  ■artrlctlcBS  end  ccatrel  o?  lEfrtias  vill  to  croialrsAi  bcsMvor,  tha 
yotortiai  p®ssn!>  cl  3  frna  ess  aa  ecRtro*)*r,  oe^3ut®r0  wsriro-aachralsa,  j-ewar 
lews*,  fri^-a  BsdbEBiea  <*sd  oatarXa).  tosaUffr  -  l.s.,  th®  (sursrt  Ictissata  ms- 
oabiaia  ra lati<ss.s3»ly  earscslood  csi-fa  all  etf  tzx?  ayjsllcatltsio. 

naa-floatias  a-'a  ia  la&cd  totb  oca  asw!  eochisa,  oahlela  and  driissr  la  osi« 
coaoobrwst  • 
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l.  Lyle®  Tk*m  .  OB  tba  first  trlol  tk®  subject  Isy  facet  dam,  looking  Aft, 
near.  eo  tha  cargo  door,  la  tbs  cantor  of  r*y.  aircraft.  Ea  nao  teat  evicted  to 
keep  his  oyaa  on  the  «o*a,  TSa  subject  cbb  lnotractnd  not  to  hold  on,  not  push 
off  cad  tot  osa  hli  hois  or  feat  fo.  say  pesrpoea  esccyt  Co  aid  hits  during  tho 
uniuvtr  werrorf,  tho  subject  tsai,  told  tlstt  ha  zsy  or  any  not  float  off  of 
this  floor,  ecd  was  not  to  resist  either  ecsa. 


2,|  ityltta  Venm  -  the  sebject  lay  la  apswostaataly  that  ue»  position  as  la  trial 
nutab**  1.  Hi  ms  to  hoop  his  eyas  on  tie  ea/ca  htec  rasa  to  ysi&h  htooalf  off  of 
the  floor,  After  swasMpnlsa  fc*  wto  to  usa  h&ada  oz  foot  to  keep  himself 
f loctinj. 


3.  Stand ins  *  The  subject  entered  the  sssacMnsr  atassSlsg.  Ba  held  on  to  tho 
ovsrCa&J  with  at  least  one  herd,  caking  (tts'a  that  bis  etftsseo  was  f Ira  eo  that 
he  could  not  fall  or  lojow  fciauelf  dusting  tho  2  1/2  g  yell-la  to  e2*a  pare  hole. 
When  Che  tero-g  condition  had  keep  reached,  ho  released  his  handhold  ecd 
allowed  his  body  to  float  freely.  After  reaching  eero  g  he  wee  not  to  hold  on 
to  anything. 

A.  Malkina  *  **tKt  subject  entered  the  ca^ouvcr  Its  cfco  «..»»*  position  as  in  trial 
masher  "j.  Es  atsrted  this  rs’oeov.ir  with  hi®  beck  cpptostlaatoly  1  foot  frost  that 
f orv.tr d  blackout  curtain.  Whe»  s«ro  g  was  attained  ba  via  instructed  to  walk  to 
the  aft  bulkhead,  uaistg  ova  hind  on  tha  calling  to  hs«p  hltaoelf  erect  end  V;cp 
hi?  eyes  on  tho  moon.  Ea  was  than  to  turn  ar.-~.-d  and  walk  to  tho  fetresrd 
blackout  curtain. 


m  ■■ •§ 


>.  Softgtnf  -  T?va  *u»Je<c  tlw  miMtreer  lying  »c«  4ovt>,  fc«t  to<K h l 

ttwi  iTGtcluiu c  curt-sin,  H*  wa«  Iftatruetffd  to  fc**?  his  «yv*  oo  tU  MAWM4  ,  Upon 
achievement  of  s«ro  g  ba  we  .  to  lift  hints  If  slightly  off  of  tba  floor  and 
pueh  with  hie  foot  again*',  the  curtain  to  order  to  sail  toward  the  noon,  the 
subject  wsa  Instructed  t  try  to  hit  tbs  noon  1  troll.  Vpoa  achieving  this, 
subject  was  to  endeavur  to  soar  back  to  the  ecpsrlmsoter  by  pushing  off  of  the 
eft1  bulkhead. 

f.  P-lltne  In  *' -i -during)  -  A  rope  was  attached  to  the  aft  bulkhead.  The 
other- eivi  of  l"»  rope  we®  placed  In  the  sub  Jeer's  hand  in  a  aediua-taut 
configuration.  The  subject  was  positioned  es  In  trial  nuedbar  J.  Upon  reaching 
aero  g  the  subject's  Instructions  were  to  pull  hiasslf  aft  with  the  rope,  toward 
Che  noun.  I 

7.  Taafcting  -  The  noon  ms  turned  off.  Tho  subjsct  positioned  hlnsself  ss  In 
trial  Busier  3,  in  the  center  of  the  cabin  beside  the  cargo  door.  When  aero  g 
ms  achieved,  be  was  to  throw  his  head  and  hands  down  and  forward  and  fsst  up 
and  backward  to  achieve  a  tsable  (as  la  diving  Into  water).  The  subject  wss 
lafortstd  that  trial  thsKbsr  7  would  be  directly  followed  by  another  asro-g 
parabola  (trial  #>.  i 
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Ammix  ii 

TSAJ6C8IIT  OP  A  SUBJECT'S  ECS  FOSSES  (Astronaut  Scott  Carpenter) 

All  tight,  this  Is  Carpenter  At  1  g,  21  September  ISS0.  V«  plan  to  do  #«v 
or  tight  t»ro*g  trajoctorie*  this  worn Ins,  tod  I  will  to  recording  during  the  *■ 
g  pushup.  This  It  til  to  bo  doco  la  tiw  darkrooa  of  tho  C-131  with  tho  only  th 
visible  A  very  faint  icon.  Locfeo  Ilka  fun.  All  ri£jh£,  this  la  Just  prior  to 
tho  baginning  of  tho  first  rut.  My  Ins tn« C ions  ara  to  -  first  of  all  I  ma  lyl> 
on  my  stossch  la  tho  forward  part  of  tfcs  blacked  out  taction  -  on  my  stocach  - 
and  I  can  soo  tho  noon  on  tho  aft  bultVri.  My  Instructions  ha  vs  boon  to  push* 
up  slightly  Just  clear  of  tho  floor  and  novo  vary  slightly  forasrd,  this  I  hope 
will  hoop  m  suspended  la  tho  air  and  I  u  to  record  ay  sensations  whits  wo  ara 
weightless.  All  right,  wo  are  beginning  tho  pushovae.  I  latsglna  wo  or*  about 
at  half  a  g  at  this  acssoat  and  he  re  ecsas  ths  pulltbrouch.  I  gat  a  alight,  - 
I  gat  tho  feeling  that  th*  back  end  of  ths  altpl&aa  la  going  dewa.  Its  just  tho 
rotation.  Row  I  aa  pushing  free  of  tie  floor  Boring  to  tha  right,  hit  tfea 
bulkhead,  now  I  still  have  the  sensation  now  at  Ravins  forested,  I'h  a  gainst  the 
floor,  now  I  fool  upside  down,  I  will  push  free  •  I  hit  t&s  floor  again.  I 
1  definitely  have  tho  acnsatltm  of  turning  ,  but  thstr*  wsa  Jsat  a  very  abort  porlo 
There  were  two  or  three  short  periods  at  which  tin*  I  wasn't  touching  °*  up  agal 
’  the  bulkhead  or  floor.  When  the  run  was  over,  I  wag  ccayleenly  dlacrlantad^,  I 
no  idee  which  way  was  up  or  down. 

All  right,  sow  v*  are  getting  ready  for  the  second  run.  Instructions  this 
daw  are  to  go  through  the  pushover  and  pull  up  In  a  standing  position  holding  cm 
the  ceiling  with  one  hand.  When  wo  get  to  tero-g,  I  esa  to  release  my  hold  on  th« 
celling  and  that's  all.  We  will  see  whet  happens.  I  think  tha  one  thing  that 
al.-ht  he  Improved  on  Is  this  helmet,  It  fits  dowr  on  -  tho  front  part  fits  devm 
very  close  to  the  eyes  end  with  Irnercrptibh*  ersovnte  of  rotation  thk  helmet 
could  obscure  the  moon  end  create  etvna  disorientation  that  might  put  some  noise 
in  the  data  that  you  are  trying  to  get.  I  nisi*  add  that  on  the  first  run  I  wads 
no  ill or:  to  change  in  a  body  position,  1  think  I  stayed  In  a  stretched  erect 
position  throughout,  until,  of  course,  the  end  of  the  run  when  I  sort  of 
crumpled  on  the  floor.  This  tlsw  I  think  we  start  standing  -  I  think  that  when 
we  get  to  *ero-g  I  will  Just  sort  of  fold  zr/  l«,a  up  underneath  we  aa  though  I 
aw  sitting  with  legs  crossed  and  see  what  happens.  I  tried  this  befora  •  it’s 
relatively  relaxing.  Another  thing  that  I  could  add  hero,  your  wind  Is  net 
rrally  able  to  devote  itself  exclusively  to  evaluating  the  weightless  condition. 
i  How  I  an  recording  at  about,  well,  0. 1  ?,  going  Into  the  pushover.  The  reason 
that  you  can't  really  devote  your  to  if  ibo  per  cent  to  evaluating  thle  data  la 
because  you  are  In  too  confined  a  spot  and  your  nlnd  le  continually  trying  to 
think;  well,  which  wey  an  I  going  and  when  am  1  going  to  hit  on  what  pert  of 
gy  Qody.  We  need  s  blg.er  spot  and  a  better  psdoed  erto  so  it  doesn't  at  Ice  sny 
difference  whore  you  hit. 

And  now  In  the  pullup  of  about  2  g,  l’w  still  standing.  Here  cooes  gero-g 
(second  run).  All  right,  1  ’■  letting  go  iv-w,  OK,  I  let  go  now.  OK,  I  '■ 


*th*  nurbers  la  loft  warp  la  refer  to  the  iovnluod  factors  eb**s  on  p*s«  6» 
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floating.  Oil,  I'm  moving  forward  and  I'm  tumbling  up  end  down.  It*»  hard  to 
evaluate  juat  exactly  what  la  going  on,  because  that  actually  wasn't  too'good 
a  run  and  I  was  busy  trying  to  tall  whether  or  not  It  was  slaw  to  let  go. 

About  the  cmly  thing  I  can  say  about  it  1s  that  It  is  completely  disorienting 
and  Che  only  feel  you  get  which  you  really  can  roly  on  la  where  do  you  hit. 

If  you  hit  on  the  right  side,  you  know  that  you  might  have  traveled  to  the 
right,  but  you  always  get  a  sense  of  cotton  somewhere  .  There  is  no  sense  of 
being  truly  suspended  so  that  you  am  stationary  with  Vcspoct  to  the  airplane 

uC,  this  tins  I'm  to  go  through  tie  pc 11 up  standing.  At  oes-o-g,  I'm  to 
walk  toward  tho  aft  end  of  the  airplane  toward  the  moon  or  until  \  get  to  the 
end  of  the  walkway  on  the  ceiling,  which  I  will  be  able  to  feel  with  one  kandj 
When  I  get  down  there,  I'm  to  put  my  foot  on  the  ceiling  and  walk  backwards 
toward  the  front  of  the  alrplana  keeping  the  msec  in  eight  at  all  times.  OS, 
starting  the  pushover  and  reduced  p  mom,  0.3.  I've  Juat  been  told  that  I  can 
bold  onto  the  celMng  as  1  walk  down,  jib  la  makes  an  impossible  task  possible J 
1  would  say.  All  right,  we  are  startler  the  puahovar  again.  We  aborted  the  1 
first  one  (aborted  first  try  of  third  run,  lost  sight  of  Clinton  County).  I  { 
am  now  recording  at  about  0.7  g.  My  hand  la  just  clear  of  the  catling  as  I 
stand  erect.  This  is  going  to  nabe  It  a  little  bit  easier  to  got  aft  to  tha 
celling  as  you  couldn't  fores  yourself  beck  on  the  floor.  By  pushing  on  tha 
ceiling  you  wouldn't  be  able  to  locoeeotm  eery  well  this  way.  OS,  now  we  are 
at  about  2  g  .  Begin  the  walking  at  2  g.  1  gat  the  rotation  of  tha  tail,  and 
now  I'm  at  xero-g,  and  It  la  really  no  problem  at  all  to  walk  toward  the  moon 
at  zero-g  pushing  down  on  the  coiling  and  up  o a  the  floor.  OX,  I'u  now  going  - 
Oh,  Ob!  (laugh)  -  I  didn't  quite  eat  my  fecit  up  on  the  colling  before  we  got 
back  to  positive  g.  It  wouldn't  turn  out  much  of  a  problem  to  turn  yourself 
around  and  gat  your  feet  on  the  cetlarig.  Thore  Is  a  ring  Ware  you  esn  hang 
by,  push  you*  fee*,  up,  force  your  haad  to  thy  celling  -  I  to  the  floor  - 

end  you  should  be  able  to  get  bask  sa  easily  as  you  got.  iotvatS.  Ib«nr  Just 
wasn't  tims  to  reorient  myself  before  we  wont  bock  to  positive  {.  1  might 

add  that  as  long  ....  my  feet  never  lect  th.  floor  end  ir,y  hands  end  tmad  really 
never  left  I  he  celling  and  there  was  no  felnortentctlon  st  all.  ” 

OK,  naxt  run  is  about  to  c«k» ce  (fourth  run).  Instructions  this  tlam 
are  to  go  Into  the  run  standing.  At  sero-g,  I 'a  to  begin  twisting  about  at 
vertical  ants  rr  i?  that  the  moon  «  i  alternately  appear  and  disappear.  I'a 
to  stay  more  or  leas  erect,  end  we  will  see  what  happens.  Another  thin*  that 
I  notices  standing  here  going  through  the  pushover  and  the  pu 11 up :  I  get  the 
definite  feeling  of  the  moon  rising  as  we  push  over,  end  when  the  g  Increases, 

I  can  sc tna  1 1  y  see  the  moon  go  down  ,  I  really  feel  the  rotation  ol  the  fus<-lag*, 
a  1  though  I  canrt  fool,  I'a  convinced  the;  [It  actually  done)  .  OK,  pushover 
at  Just  slightly  reduced  gravity,  now  I  still  get  the  scn»s:lon  of  the  tall 
C»Lng  up,  I  also  have  an  Idea  that  when  this  twisting  begins.  It's  rapidly 
going  to  change  axis  ,  *— *  !  wilt  be  again  -owpletely  disoriented  ffw  tall  Is 
going  down,  the  moon  is  going  down,  I  have  hold  of  sene  wire  above  me  with  my 
left  hand,  Hare  Is  rero-g,  and  I'm  twisting  to  the  right.  And,  Oh!  I  hit  the 
floor  -  lot's  sea.  Is  that  the  floor!  I  can't  neke  sura  I  have  lest  the  moon. 


*  Poor  recording. 
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l‘m  now  cctcplataly  (raa!  Tlyir*  la  the  naan,  end  1  en  upside  icwn.  Wo,  Sir! 

I  Mm  right  *  ldc  up.  I  mb  tie  lag  eft  •  again  co\~o  lately  disoriented,  Mad  I 
floated  free  for  aoaa  tfcsa  without  touching  a  thing,  but  In  Bare  or  leee  e 
12  ratting  position  that  csu*-s  tn  ba  tha  yoaltlon  you  &r.nt;lly  bo  to  .  Also, 

It  keep*  you  in  a  rtrallar  hall  ao  t2£ist  you  are  mt  as  likely  to  lilt  the  wall, 
calling,  or  the  floor.  <Xar  malm  Inverter  Juet  want  out,  end  we're  going  to 
hold  off  new  for  e  coepls  sklsstea.  Ttu-.ra  to  on*  other  thing  I  nitwit  went  loo, 
particularly  In  that  loot  rua  whoa  1  w aa  frto  in  the  air  for  at  least  the 
longest  ttoa  todry,  1  didn't  tench  the  celling,  wall,  or  floor  lor  ncyho  seven 
or  eight  seconds,  but  aw* a  to  I  didn't  have  tha  feeling  that  X  was  suspended. 

y  I  fait  that  I  waa  torntefi  al>»ly,  hat  atill  taming,  not  nationless  .  It  alao 
fait  litaa  sort  of  a  alc&ssy/'lxru,  not  a  front  or  toaciafarts  aocwtrsaolt  type  of 
Motion.  I  night  wafca  asotitsr  chearvar lets  her*.  All  the  naro-s  work  that  1 
Leva  done  hae  boon  an  echt  Inrat  lag  thing  for  rea.  T ha  t  r»dM  that  It  glvaa 
you,  you  are  ao  u-Tsnetsstta rs»i ,  yen  can  float  llfca  a  fenthnr  aod  twist  and  spin, 
ate.  It  te  always  a  lot  ef  fa*  tvs  es,  bat  In  this  dcrterooia  where  you  don't 
gat  any  cuss  cod  are  eecaletoiy  la  ths  dark  ehcat  wbetra  yen  era  and  that  you 
er*  doias,  Um  fun  la  t,  ou.  Its  wot  g»yV anaat  tut  yon  don't  got  any  wl goal 

14  cue*  to  t»a he  '.t  fun  enfant*  .  Well,"  X  *t  :is#  another  thing  tnat  I  eigat  say 
hero.  I  tliicTfci'.*  i£S  la  gesis  out  of  thin  bus  loess  when  you  era  blocked  out 
like  this,  because  you  really  era  In  dkraht  es  to  which  way  la  up.  And  the 
psychologist  will  say,  "Ah!  there  la  a  need  for  the  people  to  knew  which  way  la 
up,"  this  1a  true  aa  long  aa  yew  understand  up  la  defined  only  as  up  with  respect 
to  the  vehicle  you  are  riding  In.  It  aa;  be  down  toward  tha  earth,  but  If  nan 

15  can  or  lone  hla-stf  faalda  whatever  ha  1*  riding  ar  being  right  sida  up  la 
respect  to  it  or'  uyal^e  "flvra  or  aliastyS  t’asn  that  la  a*T”Co  ros.  ly  needs. 

All  rifikt,  ''his  tt3»  I  hrtre  been  told  to  ju»t  *lt  bore.  I  haws  in  «y  left 
band  a  reps  getnehtd  to  the  aft  «ad  of  tha  alrplsna.  At  cero-g,  I  will  try  to 
propel  syce  If  with  eln  urn  o?  etna  roy*  c  Is  no  Nick  toward  tins  uses.  Of  course, 
unless  I  tali  right  In  line  with  the  center  of  gravity,  I  an  going  tn  get  a 
tuc&la,  and  wi -h  only  being  able  to  ur i  on-a  it  will  be  hard  to  do  this  end 

talk  at  the  scan  tlsa  without  twsbllns  a:  '  be  abla  to  grab  tha  rope  again  after 
I  keva  dona  the  first  pull  wlrh  It.  talking  say  be  In  fits  tod  starts  for  tills 
one  (fifth  run).  OS,  starting  the  pcabovoT  Dow.  Sitting  on  the  floor  croes- 
leggad.  tea,  it  would  be  teach  easier  to  do  this  with  a  rope  attached  fore  and 
aft.  A a  it  la,  this  Is  going  to  ha  bard  to  do.  Bore  la  the  T.  g  pullen.  I  t*.i 
ssa  the  mom  joists  fans*  eyala.  Bow  wo  arc  at  ssrro-g.  I 'a  floating  a  little  off 
to  the  loft.  Ah!  To*!  this  la  not  had.  I 'a  Hooting  right  back  toward.  I'm 
taking  four  pulls,  five,  fleet  leg  ee--plet*l7  free.  Ry  tead  hit  the  ceiling,  now 
I'm  am  the  floor  and  tack  to  about  nsrtral  1  g,  and  It  appaera  to  tea  thne  I’a 
about  3  foot  short  of  the  Boca.  I  nerar  left  tbs  cross-legged  sitting  poeltlon 
aad  I  felt  Ilka  I  floated  gradually  aft  gently  rising  until  j&at  abort  of  the 
wood,  I5y  heed  bit  the  calling,  we  then  pulled  through,  end  I  got  back  onto  the 
floor  fulte  gently,  ud  I  mi  able  to  take  S  or  6  pulls  on  tha  rope  without 
tar* tins.  Another  Interesting  thought:  I  thought  tlwst  if  I  let  go  of  tha  rope 
that  lest  tl»  with  ooa  hand  sod  tried  to  grab  it  again;  ordinarily  a  rope  at 
1  g  would  grow  alack  and  Call  to  tha  flcor  heforo  you  could  set  another  told  en 
It,  but  this  reps  of  coarse,  stayed  stretched  out  all  tha  tiara  end  ao  grabbing 
It  again  was  not  hard. 
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This  tiwe  I'm  Jtiat  supposed  to  lie  on  my  stoeaeh  end  tell  toward  the  light. 
Thlt  le  aore  1  Use  It!  I  will  lie  oe  my  stomach,  end  I  won't  try  to  push  off 
euch .  Yesterday,  la  the  US,  2  found  that  Just  pushing  with  your  £eut  or  off 
16  the  floor  your  body  resilience  will  force  you  off  the  floor  ead  1  expect  I  can 
■aka  it  all  the  way  tick  titcre  using  tils  taacitod  without  hitting  the  celling, 
■ere  Is  the  2  g  pul 1 up  [sixth  run].  And  bore  Is  sero-t,  and  here  we  go!  Kow 
this  la  not  a  very  good  om,  va  didn't  ftitt  -  03.,  here  «a  go,  but  I  got 
carried  awry  freer  the  floor  before  I  could  get  noch  traction.  1  didn't  get  a 
good  enough  push  off  that  tte*.  X  poshed  away  from  the  forward  bulkhead  before 
we  were  really  at  zero-g,  and  the  friction  of  tbs  floor  slewed  ns  down  ao  that 
when  we  got  zereg  later  1  didn't  bare  anything  left  to  posh  on. 

OK,  wa  err  going  to  try  that  one  again  [seventh  run).  OS,  here  coonenclng 
the  pash  over  at  reduced  g.  Tats  will  be  another  run  of  the  asms  kind.  I  aa 
going  to  wait  until  we  get  Co  zero-g  and  then  push  off  from  the  forward  end  of 
the  airplane  end  try  to  float  bock  to  where  the  noon  le.  This  felt  like  e 
rattvjr  long  divd  end  e  pretty  good  pull  through.  Rgyba  we  will  get  a  long 
zero-g  period  this  tins.  OS,  here  la  zero- j .  Pushing  gently  off  of  the  floor, 
forward  1  go  completely  free.  Kow  I  tm  upside  and  spinning  and  twisting,  and 
I  had  no  purchase  to  get  beck  Co  the  back  aide.  Oh,  Han!  that  was  a  pretty 
good  ra.  I  would  sey  there  ms  velocity  to  get  all  the  way  beck  but  I  hit  the 
celling  before  I  made  It  all  the  way.  Ah,  lata  aee,  then  what  happened.  1  hit 
the  celling  on  the  right-half  side  looking  aft.  I  think  I  tried  to  push  off  the 
celling  to  gat  aft  again  and  went  to  push  sidaways  too  hard  and  hit  another 
bulkhead  aceewhorc.  Son  tins  during  the  run,  t  got  bock  nearly  to  the  aft 
bulkhead,  but  zt  the  cud  of  the  run  I  ended  up  Just  about  la  the  middle  of  the 
cabin.  1  wade  a  couple  of  turns  to  coaapletcly  upslds  down,  and  that  Is  all  1 
can  chink  of. 


:3 


err,  acy  Ins  tractions  tills  etna  are  to  do  one  front  flip,  try  csd  stop,  and 
then  sail  hack  to  the  noon.  My  eyes  are  to  be  closed  during  the  one  tmhlc, 
then  open  the  eyes  when  you  think  you  are  throuph  one  Mbit,  try  end  find 
sosm thing  to  grab  hold  of  to  propel  yourself,  diving  toward  the  wooa.  The  only 
way  I  see  get  t  twhls  like  this  started  Is  to  lie  on  as  atresacb  at  z«ro-g, 
bring  your  knees  up  underrmsth  yew ;  actually  what  1  will  do  la  kneel,  crouched 
dove  on  wy  knees,  end  at  aero-g  X  will  push  gtetly  off  with  ry  toes.  This 
iwsrrns  a  front  flip.  How  bolng  akla  to  scratch  out  after  oos  turn  le  not 
l\tlng  to  be  bard  but  to  b«  able  to  catch  zuew  thing  to  atop  da  esable  at  the 
erd  of  owe  turn  will  be  a  problem.  Seta  it  the  puli  through  (eighth  run) . 

This  halset  again  la  a  bother.  OS,  here  la  asrs-s  -  twins  down.  1  think  tfcct 
T  t-tyu  one  fczsAla  -  no,  T  hit  my  hack  first  and  I 't.  OK.  I  can  eee  the  noon  and 
I'a  upside  dowa  on  the  celling  trying  to  got  hack  to  the  nson.  I  have  on 
picture  ....that  was  uee  of  the  harder  landings.  That's  not  bad,  I  scret-ched 
when  i  felt  that  1  had  ande  one  tushie,  but  Actual'  t  hfrd  only  gone  out  half  the 
17  w).  If  back  kit  the  floor,  1  bounced  off, TTituTSc-i "tive  tu;r«'  le,”" Cm  1  s t a< Fa 

couple  of  time  ao  T  wa*  completely  disoriented  at-.J  .  ltd  to  caha  ary  way  back  to 
the  noon  but  frea  that  poiet  on  1  couldn't  find  aoylatng  to  gat  any  pure  ho  or  on 
ao  it  was  last  sort  of  a  ueslae*  struggle.  toot  ha  i  tMna  that  night  be  of  sea* 
taterest  here.  Yesterday  I  cracked  ary  back  a  couple  tines  good  in  the  111,  and 
the  tact  that  I  hurt  wyeelf  •  not  bad,  but  I  got  sene  good  bruises  out  of  it  • 
the  fact  Chat  1  did  that  yesrorday  reduces  the  •  well  It  tsahss  you  not  gulte  so 
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r*a dy  to  raally  give  It  your  *11.  You  don't  start  to  *pln  too  hard  to  too 
quickly  btct.ua*  this  generally  sends  you  off  In  on*  direction  or  another  where 
you  could  hit  aesathing  hard.  If  avr/rything  was  vary  wall  padded,  than  you 
could  raally  give  It  yu-ur  all. 

Xhls  tfas  ay  Instruct  loco  are  to  11a  don  and  try  and  propel  aye*  If  back 
toward  the  light  just  to  grabbing  onto  tSts  floor.  I  think  talking  during  this 
oom  la  going  to  b#  a  littla  bit  af  a  hisdarance ,  this  la  going  to  taka  teco  hands. 
So,  I  will  pat  this  "ailsa"  any  esd  toll  y®a  abeot  It  eftaffsssrds  (ninth  run]. 

OK,  that  was  a  pretty  g«cd  one.  I  eta  able  Co  gat  all  the  way  down  to  the  soon 
and  all  the  way  back  to  tho  treat  cad.  That  tics  I  used  both  hind®  and 
1»  surprisisgly  aneejjb  (got  n  era  11  afgch  bald  on  tft.«  camssa  floor  wat  bore  la  enough 
to  direct  yesrae If  with.  I  liept  ej  tauia  «a  c.ia~ eaepat  ail  tiwi  »iy  detea, 
although  it  was  a  good  eoro-g  ran  cad  I  «aa  floating.  I  bad  r i  bold  oyealf  down. 

I  got  all  cl^a  ray  to  eka  aft  csd  eS  tha  aircraft  to  about  Bure*  or  foe®  grabs  of 
th#  caryat,  I  fcessefecd  tfsa  bullittad,  I  tssraed  aroarsd  acd  a  cartel  on  the  oay  back. 
After  afcoit  two  grab*  on  tha  c&r?ae  X  lews  c?  Isold,  X  west  pp  tv  tha  telling  arol 
19  ricocheted  off  of  tfeat  atsd  finally  o-afod  ttg  In  tha  lap  of  than  K-jsilspg  beck  fepra. 

OC,  this  la  the  loot  double  rta  coding  up.  I  ai  going  to  gat  about  la  tha 
■iddl*  ef  the  cub- la.  The  seen  ta  ess  gcaa  (t xsvs-4  off]  asd  the  first  run  I  am 
to  da  anything  X  cost,  bat  It  will  ho  cesjUsaly  blcckad  out.  X  think  what  I 
will  da  1a  just  try  end  got  Ires.  I  rcy  start  a  tosh la  or  any  Juat  sit  la  a 
sitting  position.  T&o  sacoad  no  will  ba  tbo  eras*  grouted  ruins,  but  with  th* 
lights  on.  I  nsn  eot  eiraa  sure  which  cay  I  ea  ftclng  scat  and  that  la  good.  It 
s«««s  like  I  tsr.i  focist!  a  llctla  bit  off  to  ore  aids  towsrd  tha  pert  of  tha  air¬ 
plane.  Yea,  th.  •  to  1  r,  a  leak  la  KVe  cabin  sail  i  I  kasoa  I  an  -  a  light  lack, 
that  la.  CSX,  bate  e«i*xecan  ywnho'.d,  and  I  foetid  Chat  I  ms  looking  toward  tha 

20  woon  to  try  arrl  v-tt'y  tf-at  fN?  r-nchosnsr  m.y  re 'rvp.  \  3 y  ecraareeltig"  "*Tt""ta‘  gone, 
so  I  just  haws  to  to  it  ay  (&>  seat  oaf cy'f  :';ta.  Tea  sitting  cross-lcagbd 
again  fating  th©  eft  of  the  ....  Full  tirevreeb  la  eoau1  nr  Inc  *v*»  (tenth  rm], 

I  thlaS  I  will  tT7  -  I  don't  know  *  X  ta  gefc;,  to  lie  oo  ay  atoaaeh,  changing 
to  ay  stcranch  new.  raring  tha  1  |,  I  a  go leg  to  do  a  front  flip  again,  they 
arc  nor*  fvtt.  Zaro-g,  Ah,  phooey!  I'o  floating,  floating  forward  now  I  think, 
and  new  I  started  to  pitch  (Insgh)  I'd  floating  -  wall  I  don't  knew  what 
happened  or  who  I  Mr  -  Oh,  boro  ha  is  -  tha  Ron l tor!  OX,  that  tisss  X  rcgUr 

21  felt  Ilka  I  was  rallcnlsss  Ilka  I  was  not  turning  si  *11. 

This  tloss  tha  lights  arc  now  on.  7  will  do  the  sassa  thing  (eleventh  run). 
....at  tha  start  of  the  ren  that  I  was  floating  forward.  Ob  boy,  chat  wna  a 
7S.  *°°^  °«>!  (laughter)  Ch  boy!  CSC,  that  la  a  lot  more  fun  when  you  can  sa* 

what  you  are  doing.  I  did  2  or  3  flips  front" sTiwsr3s  -  now  let’a  saa, 
what  1*  th#  upshot  of  all  of  those  runs.  The  thing  that  counts  In  ay  wind 
Is  that  without  say  light  at  all  this  Is  a  vary  disorienting  thing,  you  have  no 
■s  Idea  which  way  Is  .  Wlfh  the  lights  ou  it  Is  not  disconcerting  at  all.  It's 
aalnly  just  luol 
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FACTORS  ISVOLVH)  Vi  SUBJECT'S  RES  POSSES  (APPENDIX  II) 

1.  I<1m  pmoytloa  of  ro  tat  too  (net.  Unlu,  3.  Ac) 

2.  Complete  disorientation  (tat.  tactile*.  1,  4b) 

3.  Sanaa  of  partial  {  (taf.  Results,  B,  7) 

4.  Coaoan  of  ooUIateo  (Rsf.  Ratal ta,  1,  S) 

5.  Santa  of  continuous  ratten  (taf.  Results,  8,  4) 

4.  Sanaa  of  txcuilw  ('a  (taf.  Results,  I,  7) 

7.  Possible  foot-dawn  orientation  (taf.  Results,  B,  4a) 

8.  lack  of  disorientation  with  tactual  con tec t  (Sat.  Basalts,  B,  4b) 

9.  Oculoegravlc  Illusion  (taf.  Results,  B,  4) 

10.  Anticipation  of  cross -coup lad  ration  (taf.  Basalts,  C,  2b) 

11.  lose  of  direction  (taf.  Results,  B,  4b) 

12.  Kalaxad  posture  (Ref.  Results,  B,  2) 

13.  Sense  of  e ©no tact  ration  (tat  Rsv'te,  B,  4c) 

14.  loss  of  svjfetlc  sensation  is  darkness  (Kef.  Results,  B,  1) 

13.  Satisfaction  with  vehicle  rather  than  sar'h  orientation  (Ref,  Results,  8,  4b) 

14.  Self  leper ted  ration  from  body  resilience  after  sscestlva  g's  (Oat.  Results, 
C.  1) 

17.  Ond* reel Ira t ion  of  rotation  (Mat.  Results,  B,  4c) 

15.  Surprise  at  trail  a*Knltud#  of  boldlut  forces  required  (Esf.  Sosults,  B,  12) 

IS.  Seed  for  coessue  lea  Cion  required  between  two  people  (Kef,  Results,  B,  11) 

20.  Possible  use  of  Illusion  ss  cue  to  vehicle  behavior  (Kef.  Results,  B,  4) 

21.  Possible  dependence  upon  vlmel  cues  fnr  feeling  of  continuous  ration  (Ref. 
Results,  B,  4) 

22.  Sense  of  exhilaration  (R at.  Results,  R ,  I) 

13.  Maori**  tat  ton  with  respect  to  distance  as  well  as  direction  (Rsf.  Results, 

■.  4) 
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Arman  xxi.  sex?  oc siaesd  audio  tsccaum  ststjh 


Tta  tmcatio factory  audio  r»cotr41aa  of  verbal  atstermta  try  froe-f looting 
aubjocca  acm  es  tad  tta  mtai  tat  •  taster  aye  tea  for  fntcra  rrmrth.  tosh  c 
ayataai  «u  daeelopad  for  eta  Air  Perce  by  tta  BaleEsgrssv-.  tcrrlca  Ccrporatlcr., 

Tulsa,  cir.iatre.-ja  cud  tita  cpvcadis  vs&a  etaCrcscted  fsea  c  raltcox  report  titled 
"Technical  f<-»r  gBg-H  gntwdtar  ftntioa  md  9PT-11  fargosal  Radio  Putt. 

Solrecr,  Cera  livO,  Tulsa,  Caiiacaa,"  ust&acod. 

‘2ta  agalyagaot  fereictad  «sa  dasigzated  tta  EepssC®r  Station  <B3)  a-<«5  tta 
Peracesl  Badlo  ttsit  (fiE),  basically  feta  £3  rose Awss  tra^sasJxJoLtKts  frees  a 
personal  naif  >•  lie  atasltucawoerly  rebroa&Kcafeiaa  t&ls  teXirrseica  bo  ell  ottar 
personal  wuu  ta  tta  ayotcca.  Tta  ftapeatcr  Station  cea  ta  opazated  with  or 
without  ca  op*--,  -v.'  present.  Ktaaowar  ca  operator  at  tta  repB*t*r  session  natae 
a  crcnralee  tot ,  A  voice  cycratad  switch  cutest  Sica  1  ly  lnSarruyta  any  fraaKstastoa 
talcs  «sda  by  a  pexesr.al  c-rit.  Tta  pnr.c«?t  1123  la  a  e»-c!«sss»X  ca.lt  tat  ccsi  lx 
coovertcKl  to  a  Hulci-etacrMl  unit.  Sta  BS  la  a  alBgla-c'ttxE'-ol  eait  cad  ofehar 
channels  net  tana  bUtrlfeil  rt^satsr  itstiesi.  All  units  in  this  ayatam  tta 
•quipped  with  a  voice  operated  «rttch.  Bbsa  tta  operator  epttaka  Into  tta  telcro- 
ptioca  eta  trait  outcssatlcAlly  switches  frees  rtcalvt  to  tranwriLt  and  llkanlaa  uhia 
tta  operator  caacas  to  apeak  tta  unit  returns  to  tta  roceira  Breda  of  operation. 

Tta  ISO  utllLw.i  tta  tw  doet  cord  a a  an  tataans  while  tta  S3  ntfjnlm  aa 

antenna  apyrsnciKatsly  65  tectas  t  >  IccstJs.  Tta  !a  asttaons  spay  ta  placed  at  a 
renota  location  f4  eooisscfesd  tc  tta  td:  by  a  Urnsrh  o£  EC-53/U  co&sisl  cab  la. 
The  S3  supplied  e-j-irotca  ca  ebt)  «  cue,  ths  era&snlttias  fvec;a««»ey  la  42.5  etc. 
and  tta  recelrlrj  frequency  31. >  to.  Tta  nU  supplied  operates  on  ctamajl  emo, 
tta  CrsiKdietlns  freoutnsey  ta  31,4  c,z  and  thra  receiving  frequency  42.5  ns,  cad 
la  equipped  for  cteatal  two  ofKTrat^oxj,  tta  trarosslttie-3  fxasjuoiMy  talas  31.55  esc. 
and  tta  receiver  fraqtwiicy  42.51  Qsnar.al  rwo  con  be  furnished  In  any 

additional  fispoaur  station. 

Tr^naaslttor  ptnat r  output  t«  vprcxixiitaly  50  ni  1 1  teattn,  and  tta  receiver 
sensitivity  la  1  nierovole  late  tta  racotvar  tsntatss a  feeminaia  for  a  10  dk 
ulcnal  to  note*  ratio.  Tta  audio  oc?  I  If  lor  will  dullvtt  1}  sutta  into  tta 
•arpbones.  Tta  PSD  la  powered  by  ra-cbargsabla  batterlas  wtslcn  will  deliver 
approsiraately  10  t:  »  .  f  uif'iiwua  operation  under  ceetditlona  of  x«X  txcsaralt 
and  501  recetsea.  Aa  estsmal  ctarjslcs  unit  1*  FEnvtdad  and  flea  hours  erv 
required  to  costpletely  rechnrse  tta  batter  las.  Xl.e  E3  ccetalne  a  recbargeeble 
tactary  aad  a  built-in  charger. 

Tta  adcroptanee  fumlatad  are  of  tta  eolae  tsscolllna  type  aad  tta  operator 
auat  apeak  directly  late  it  In  order  to  preduct  tta  aecessery  aodclatloa  level, 
Tta  following  apoclf lcatlone  have  taca  Included. 


Crystal  controlled  ouportate rodent 
ASS  kc  x.  r. 

■allt-ta  noise  l tetter 


*1 


Adjustable  squelch 
Assptlitud  ACC 

1  dcTOTDlt  sseritivitY  for  a  10  db  signal  to  noise  ratio 


Ttatumlttar  gr«cif  ieatigna 

Crystal  controlled  oscillator 
111(1.  lartl  nodulated  power  EEpllfirr 
100  nilliraets  input  to  poror  amplifier 
•poach  cor.prc.nrcr  tor  l.iab  asucajo  rextelutica 
To  lea  operated  switch  tor  transmitter  control 

Pictures  of  tbs  salts  an  shc&m  lr  Tigarm  17  cud  blocl  disjrcna  for  both 
of  tha  units  ars  laclttdad  in  f  lgtsraa  IS  and  19. 
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Itpuui  station  SPT-ll  Personal  Radio  flrtit 


figure  13 .  Repent ar  Station  and  Personal  Cfidte  Unit 
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